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PREFACE 


During  the  Summer  of  1956,  sixty  scientists,  technicians, 
and  test  support  personnel  participated  in  an  experimental  pro¬ 
gram  in  micrometeorology.  This  program,  nicknamed  Project 
Prairie  Grass,  was  conducted  in  north-central  Nebraska  near  the 
town  of  O'Neill.  Four  universities  and  two  government  agencies 
participated  in  the  field  program,  which  was  conceived  and  di¬ 
rected  by  personnel  of  the  Atmospheric  Analysis  Laboratory  of 
the  Geophysics  Research  Directorate,  Air  Force  Cambridge  Re¬ 
search  Center.  The  participants  represented  Massachusetts  Insti¬ 
tute  of  Technology,  Texas  A&M  Research  Foundation,  University 
of  Washington,  University  of  Wisconsin,  Air  Weather  Service,  and 
units  of  the  Air  Force  Cambridge  Research  Center. 

The  primary  objective  in  Project  Prairie  Grass  was  to  de¬ 
termine  the  rate  of  diffusion  of  a  tracer  gas  as  a  function  of 
meteorological  conditions.  The  purposes  of  this  paper  are  (1)  to 
describe  the  equipment  and  procedures  used  in  dispensing  and 
sampling  of  the  gas,  analysing  gas  samples,  measuring  meteoro¬ 
logical  parameters,  and  reducing  and  processing  data;  and  (2)  to 
present  tabulations  of  the  data  collected.  It  is  not  the  intention 
here  to  present  analyses  of  the  data,  evaluate  existing  diffusion 
models,  or  develop  new  models.  Such  analyses  have  been  initi¬ 
ated  by  the  research  teams  that  participated  in  Project  Prairie 
Grass  and  by  other  research  groups  under  contract  with  the 
Geophysics  Research  Directorate.  It  is  expected  that  their  find¬ 
ings  will  be  published  in  professional  journals  and  in  contract 
reports.  It  is  hoped  that  other  scientists,  using  the  material  con¬ 
tained  in  this  report, will  also  undertake  studies  of  the  diffusion 
problem. 

This  report  is  being  presented  in  three  volumes  to  facilitate 
reading  of  text  and  use  of  data.  Volume  I  contains  an  introductory 
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chapter  which  provides  a  background  of  the  field  program.  Chap¬ 
ter  2  contains  a  description,  by  Texas  A&M  personnel,  of  the  field 
site  at  O'Neill.  The  surface  weather  observations  made  by  the 
Texas  A&M  group  are  presented  in  Chapter  3.  Chapter  4  contains 
the  surface  synoptic  charts  prepared  by  GRD  personnel.  A  de¬ 
scription  of  the  diffusion  technique  as  well  as  tabulations  of  the 
diffusion  data  are  presented  in  Chapter  5  by  MIT  personnel.  Chap¬ 
ter  6  includes  a  description  of  the  instrumentation  used  by  MIT 
to  measure  wind  speed  and  direction  parameters,  as  well  as  tab¬ 
ulations  of  the  wind  data. 

Volume  II  opens  in  Chapter  7  with  a  description  of  the  in¬ 
strumentation  used  by  the  Texas  A&M  group  to  determine  -mean 
profiles  of  air  temperature,  soil  temperature,  and  wind  speed  as 
well  as  other  terms  necessary  in  calculating  the  heat  budget  at 
the  air- earth  interface.  Chapter  8  includes  the  profile  data  col¬ 
lected  during  the  test  periods  as  well  as  during  other  periods 
during  the  summer.  In  Chapter  9,  Texas  A&M  scientists  describe 
a  method  of  computing  heat  budget  terms  and  present  a  tabulation 
of  such  terms  for  the  test  periods.  Another  technique  for  deter¬ 
mining  the  heat  budget  terms  was  employed  by  a  University  of 
Wisconsin  team.  Their  technique  and  computed  heat  budget  terms 
appear  in  Chapter  10.  A  technique  of  determining  temperature 
profiles  by  optical  methods  is  being  developed  by  research 
workers  at  the  University  of  Washington.  A  description  of  the 
optical  method  technique  and  the  data  collected  at  O'Neill  are 
presented  in  Chapter  11.  The  rawinsonde  data  collected  by  Air 
Weather  Service  personnel  and  edited  by  GRD  personnel  are 
presented  in  Chapter  12.  This  volume  concludes  with  a  descrip¬ 
tion  by  GRD  personnel  of  the  instrumentation  and  techniques  used 
in  airplane  observations  of  temperature  and  humidity;  and  the  data 
collected  during  the  gas  releases  are  tabulated. 

Volume  III  is  not  expected  to  be  ready  for  publication  before 


the  end  of  1958.  Present  plans  for  this  volume  call  for  presently 
(1)  descriptions  of  the  bi-vane  anemometry  employed  by  MIT  in 
the  measurement  of  eddy  components  for  determining  turbulence 
spectra  and  scales  of  turbulence;  descriptions  of  the  procedures 
employed  by  Iowa  State  College  in  reducing  bi-vane  data,  and  by 
GRD  in  computing  spectra  and  scales  of  turbulence;  and  (2)  de¬ 
scriptions  of  the  sonic  anemometry  employed  by  the  University  of 
Wisconsin  in  determining  turbulence  spectra.  The  spectra  and 
scale  data  will  also  be  presented  in  Volume  III. 

The  people  who  participated  in  Project  Prairie  Grass  are  to 
be  congratulated  for  the  diligence  and  efficiency  they  exhibited 
during  the  planning  for  and  the  performance  of  the  field  experi¬ 
ments  and  during  the  preparation  of  this  report.  They  are  to  be 
commended  for  a  spirit  of  cooperation,  so  necessary  in  making 
the  program  a  successful  one.  A  list  of  the  participants  follows: 
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v 


2 


f 


Neill.  Nebraska  (cont) 
Richard  Smithson 
James  Tomlinson 
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ABSTRACT 


Project  Prairie  Grass  was  a  field  program  designed  to  pro¬ 
vide  experimental  data  on  the  diffusion  of  a  tracer  gas  over  a 
range  of  800  meters.  In  each  of  70  experiments  the  gas  was  re¬ 
leased  continuously  for  10  minutes  at  a  source  located  near  ground 
level.  The  gas  releases  were  made  over  aflat  prairie  in  Nebraska 
under  a  variety  of  meteorological  conditions  during  July  and 
August  of  1956. 

This  paper  includes  a  brief  history  of  the  project  and  de¬ 
tailed  descriptions  of  the  tracer  technique  and  the  meteorological 
equipment  used  in  the  field  program.  Tabulations  of  the  diffusion 
data  and  the  meteorological  data  collected  during  the  gas  releases 
are  also  presented.  In  addition,  this  paper  contains  data  on  the 
heat  budget  at  the  air -earth  interface  during  other  selected  periods 
during  the  Summer  of  1956. 
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PROJECT  PRAIRIE  GRASS,  A  FIELD  PROGRAM  IN  DIFFUSION 


CHAPTER  1 
INTRODUCTION 

M.  L.  Barad 

Geophysics  Research  Directorate 
Air  Force  Cambridge  Research  Center 

Project  Prairie  Grass  is  the  name  given  to  a  field  program  con¬ 
ducted  near  O'Neill,  Nebraska  during  the  Summer  of  1906.  The  main 
objective  in  this  program  was  to  learn  how  the  diffusion  of  a  tracer 
gas  emitted  continuously  at  a  point  source  near  ground  level  varies  with 
meteorological  conditions.  This  report  contains  descriptions  of  the 
techniques  and  procedures  employed  in  the  program  and  summaries  of 
the  data  collected.  The  purpose  in  this  introductory  chapter  is  to 
present  an  account  of  the  historical  background  of  Project  Prairie 
Grass  in  order  that  the  reader  may  understand  why  the  research  was 
undertaken  and  why  certain  techniques  were  employed  in  the  field 
program. 

There  is  little  doubt  that  advances  made  in  diffusion  theory  and 
experimentation  directly  aid  in  solving  a  number  of  practical  problems 
in  the  atmospheric  boundary  layer.  In  the  field  of  air  pollution  abate¬ 
ment,  for  example,  advances  made  in  diffusion  research  lead  to  more 
intelligent  choices  of  plant  location,  design  of  plant  buildings  and  stacks, 
periods  of  stack  emission,  etc.  In  the  field  of  crop  spraying,  as  another 
example,  progress  made  through  diffusion  studies  leads  to  better  se¬ 
lection  of  spray  altitudes,  spray  periods,  etc. 

There  are,  however,  a  number  of  other  boundary  layer  problems 
which  can  also  be  brought  nearer  to  solution  by  the  insight  gained 
through  diffusion  research.  To  solve  such  problems  as  the  forecasting 
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of  fog,  frost,  or  low-level  wind  shear,  for  example,  an  increased 
understanding  of  the  basic  mixing  processes  at  work  in  the  lower  at¬ 
mosphere  is  necessary.  In  attempts  to  understand  these  processes, 
investigators  have  studied  the  diurnal  and  height  variations  of  turbu¬ 
lent  fluxes  of  momentum,  heat,  and  water  vapor.  Although  these  fluxes 
can  be  measured  at  a  number  of  points  in  space,  research  workers 
generally  find  it  difficult  to  interpret  such  measurements.  Though  one 
may  have  some  success  in  describing  the  region  through  which  the 
property  is  transported,  he  is  usually  at  a  loss  to  quantitatively  define 
the  source  of  the  property.  However,  if  a  distinctive  tracer  is  introduced 
into  the  atmosphere  at  a  source  which  can  be  precisely  defined  as  to 
location  and  strength  and  if  concentrations  of  this  tracer  are  measured 
downwind  from  this  source,  a  means  is  provided  of  gaining  greater 
insight  into  the  basic  mixing  mechanism  present  in  the  atmosphere. 

It  is  not  surprising  then  that  micrometeorologists  and  hydrodynam¬ 
ic  ists  interested  in  turbulence  phenomena  should  apply  general 
hypotheses  to  the  development  of  diffusion  theory  and  should  seek  to 
employ  data  from  diffusion  experiments  to  test  their  diffusion  hy¬ 
potheses.  Diffusion  theory  and  experimentation,  then,  provide  more 
than  solutions  to  specific  air  pollution  problems;  they  provide  a  means 
of  improving  our  understanding  of  turbulence  phenomena. 

In  this  analysis  of  the  situation,  the  chain  of  activity  goes  from 
general  turbulence  hypotheses  to  a  specific  diffusion  hypothesis  to 
experimental  verification.  A  study  of  the  literature  reveals  that  much 
work  has  been  done,  particularly  in  the  past  25  years,  in  the  develop¬ 
ment  of  general  turbulence  and  diffusion  hypotheses.  However,  very 
little  has  been  done  in  the  collection  of  accurate  diffusion  data  with 
which  to  test  the  diffusion  hypotheses. 

In  January  of  1953,  a  number  of  university  and  government 
scientists  engaged  in  micrometeorologicai  research  assembled  in 
Boston  to  participate  in  the  planning  of  the  Great  Plains  Turbulence 
Field  Program,  a  program  held  later  that  year  near  O'Neill,  Nebraska. 1 
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Although  the  participants  at  this  planning  session  were  prepared  to 
make- a  variety  of  meteorological  measurements,  ho  one  was  prepared 
to  make  quantitative  measurements  of  diffusion.  It  seemed  that  none  of 
the  participants  had  both  a  satisfactory  tracer  technique  and  the  equip¬ 
ment  necessary  to  collect  tracer  samples  in  a  dense  network  of  stations. 

At  this  point  the  Geophysics  Research  Directorate  decided  to  sup¬ 
port  the  development  of  a  tracer  technique  which  would  be  suitable  for 
studying  diffusion  rates  over  a  range  of  about  1  km  when  the  tracer 
was  emitted  continuously  at  a  fixed  point  near  ground  level.  Actually, 
the  development  of  two  tracer  techniques  was  supported.  The  first 
involved  the  use  of  tritiated  ethane,  a  radioactive  tracer.  Because  of 
the  relatively  high  costs  in  manpower  and  material  which  would  have 
been  imposed  if  this  technique  had  been  used,  it  v/as  shelved  in  favor 
of  the  second  technique,  developed  by  MIT  at  its  Round  Hill  Field 
Station.*  This  technique  called  for  the  use  of  sulfur  dioxide  as  the 
tracer. 

It  will  be  noted  that  the  tracer  technique  was  developed  for  con¬ 
tinuous  emission.  Historically,  theoretical  work  usually  starts  with 
diffusion  from  an  instantaneous  point  source,  with  the  growth  of  a  small 
puff  of  smoke,  for  example,  and  then  proceeds  by  integration  to  other 
sources  such  as  the  continuous  source,  line  sources,  etc.  Yet,  his¬ 
torically,  most  of'the  experimental  work  lias  begun  with  the  continuous 
point  source.  There  appear  to  be  at  least  three  reasons  for  preferring 
the  continuous  source  over  the  instantaneous  one.  First,  the  engineering 
of  the  continuous  source  with  reproducible  characteristics,  experiment 
after  experiment,  is  generally  simpler.  Second,  the  statistical  inter¬ 
pretation  of  the  concentration  measurements  at  downwind  stations  is 
simpler,  particularly  where  time- mean  concentrations  are  found,  as 
they  were  in  Project  Prairie  Grass.  Third,  the  determination  of  what 
constitutes  pertinent  meteorological  data  and  the  provision  of  such  data 

*See  Chapter  5  for  a  description  of  the  technique  developed  by  MIT, 
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are  generally  simpler.  For  these  reasons,  principally,  a  continuous 
source  was  chosen  for  Project  Prairie  Grass. 

In  the  diffusion  experiments  an  emission  time  of  10  minutes  was 
chosen.  This  time  was  a  compromise,  arrived  at  after  considering 
such  factors  as  the  cost  of  tracer  gas,  practical  rates  of  emission, 
distance  between  the  samplers  closest  to  the  source  and  the  most 
distant  ones,  and  desirability  of  having  fairly  stable  time-mean  dif¬ 
fusion  patterns  in  the  area  downwind  from  the  source. 

In  experiments  of  this  sort,  it  is  desirable  that  the  cost  of  tracer 
material  be  low  and  that  the  tracer  can  be  emitted  at  a  fairly  constant 
rate.  It  is  desirable  that  tracer  losses  on  ground,  vegetation,  and 
other  surfaces  in  the  area  sampled  be  negligibly  low.  It  is  desirable 
that  the  sampling  rate  for  each  sampler  be  constant  throughout  an 
experiment  and  that  this  rate  be  uniform  from  sampler  to  sampler. 

If  the  measurements  are  to  be  used  to  evaluate  existing  hypotheses  or 
to  construct  new  models,  it.  is  important  that  there  be  an  adequately 
dense  network  of  samplers.  Therefore,  if  hundreds  of  samplers  are 
to  be  exposed  at  one  time  and  if  spares  are  to  be  available,  the 
samplers  must  be  relatively  inexpensive.  It  is  necessary  that  the 
analysis  of  samples  be  accurate,  cover  a  wide  range  of  concentrations, 
and  be  accomplished  in  relatively  short  time.  It  is  believed  that  the 
diffusion  technique  developed  by  MIT  meets  these  requirements  very 
well. 

By  the  Spring  of  1955,  a  decision  was  made  to  shift  the  experi¬ 
mental  program  from  the  Round  Hill  Field  Station  of  MIT  to  a  3ite 
which  would  permit  the  collection  of  sulfur  dioxide  samples  over 
greater  downwind  distances  and  over  more  uniform  terrain  and  vege¬ 
tation.  A  section  of  land  near  O'Neill,  Nebraska  was  chosen  as  the  site 
of  the  field  program.* 


♦The  land  leased  was  Section  14,  Township  29  North,  Range  11  West, 
Holt  County,  Nebraska. 
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The  square  mile  chosen  had  the  following  characteristics: 

1.  It  was  a  fairly  flat  area,  as  Figure  1. 1  indicates.  The 
contour  lines  shown  in  Figure  1.1  are  for  1-foot  intervals. 

The  gas  source  was  located  at  the  center  of  five  concen¬ 
tric  semicircles  having  radii  of  50,  100,  200,  400,  and 
800  meters.  North  of  the  E-W  line  passing  through  the 
source,  the  topography  is  very  flat,  being  within  +  3  feet 

of  the  mean  elevation  in  that  part  of  the  section.  The 
topography  rises  gently  to  the  southwest  with  an  average 
grade  of  about  10  feet  per  half-mile,  and  to  the  south¬ 
east  with  an  average  grade  of  about  20  feet  per  half-mile. 

2.  Logistical  and  technical  considerations  had  led  to  the 
decision  to  sample  the  gas  on  semicircular  arcs  rather 
than  on  full  circular  arcs.  In  a  study  of  the  wind  cli¬ 
matology  of  the  O'Neill  area,  it  was  found  that  wind  di¬ 
rections  between  120’  and  240°  occur  more  than 50percent 
of  the  time  in  July  and  August.  On  this  basis,  primarily, 
the  sampling  grid  was  laid  out  as  shown  in  Figure  1.1. 

3.  The  vegetative  cover  was  fairly  uniform  as  to  grass 
type.  The  "hayfield"  was  mowed  prior  to  the  experiments, 
and  since  there  was  little  precipitation  during  the  months 
of  July  and  August,  the  grass  height  was  fairly  uniform 
during  the  program. 

4.  The  site  was  relatively  free  of  obstructions  to  air 
flow.  Most  of  the  equipment  used  in  dispensing  the  gas 
was  placed  in  a  dugout  50  m  upwind  of  the  actual  source. 

A  laboratory  building  and  three  Jamesway  huts  were 
erected  over  300  m  east- southeast  of  the  source.  With 
the  exception  of  cup  anemometers  and  wind  vanes 
mounted.on  wooden  posts  near  the  source  and  450  m 
north  of  the  source,  the  meteorological  equipment, 
trailers,  and  Jamesway  huts  were  all  located  on  the  ob¬ 
servation  line,  downwind  of  the  800  m  sampling  arc. 

5.  The  nearest  farmhouse  was  over  1300  m  north¬ 
west  of  the  source,  As  a  result,  there  were  no  com¬ 
plaints  from  nonparticipants  about  the  gas  which,  on  a 
few  occasions,  was  pungent  on  the  observation  line, 
about  900  m  from  the  source. 

6.  Stable  a-c  power  was  brought  to  various  points  in  the 
field.  The  overhead  power  line  starting  at  Opportunity 
Road  is  shown  in  Figure  1.1. 

The  O'Neill  area  had  other  advantages:  friendly  and  cooperative 
townspeople,  an  airport,  and  adequate  housing. 

In  diffusion  experiments  of  the  type  conducted  at  O'Neill,  it  is 
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Figure  1.  1  Topography  of  field  site  and  layout  of  equipment 
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considered  essential  that  a  number  o£  meteorological  measurements 
be  made  to  characterize  the  experiments  and  to  provide  measurements 
of  parameters  required  for  evaluating  diffusion  models  calling  for  the 
use  of  these  parameters.  Thus,  in  the  Prairie  Grass  experiments 
many  of  the  Aieasurements  were  suggested  by  existing  diffusion  hy¬ 
potheses.  For  example,  the  Sutton  hypothesis  calls  for  determining 
wind  profile  and  gustiness  parameters.  The  Calder- Deacon  hypotheses 
suggest  the  determination  of  wind  profile  parameters  and,  in  implying 
that  the  Richardson  Number  or  stability  ratio  is  useful,  suggest  the 
measurement  of  temperature  profile.  The  works  of  Inoue  and  Ogura 
suggest  the  determination  of  turbulence  spectra  and  scales  of  tur¬ 
bulence.  Other  meteorological  measurements  were  made  because 
there  was  some  evidence  that  they  might  be  called  for  in  new  diffusion 
models  or  in  the  forecasting  of  diffusion  patterns  from  limited 
meteorological  data. 

For  the  meteorological  measurements  to  be  useful,  past  history  in 
experimental  micrometeorology  has  shown  that  they  must  be  repre¬ 
sentative  and  very  accurate.  It  was  the  overall  impression  of  the 
biased  participating  scientists,  as  well  as  those  who  visited  the  field 
program,  that  the  meteorological  measurements  which  accompanied 
the  diffusion  experiments  were  of  very  high  caliber. 
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CHAPTER  2 

A  DESCRIPTION  OF  THE  FIELD  SITE 
IN  PROJECT  PRAIRIE  GRASS 

R.  L.  Richman*  and  W.  Covey 
Texas  A&M  Research  Foundation 

The  observation  site  was  an  extensive,  virtually  level  field  pre¬ 
viously  used  to  pasture  cattle.  The  field  was  uncultivated  and  covered 
with  native  prairie  grasses.  Prior  to  the  first  observation  period,  the 
grass  was  mowed  and  little  growth  occurred  thereafter  due  to  arid 
climatic  conditions. 

2.1  Location 

The  experimental  site  was  located  about  five  miles  northeast  of 
the  center  of  O'Neill,  Nebraska.  Geographical  coordinates  are  Lati¬ 
tude,  42°  29.6'  North;  Longitude,  98°  34.3'  West;  altitude  at  gas  source, 
1980  feet  above  mean  sea  level. 

2.2  Landscape 

The  field  is  part  of  a  nearly- level  upland.  The  land  rises  moder¬ 
ately  to  the  southeast  to  a  hill  about  0.6  miles  from  the  gas  source. 
There  is  no  surface  drainage  pattern  at  all.  Rain  water  soaks  into  the 
soil  immediately,  or  accumulates  in  small  depressions  until  it  all  in¬ 
filtrates  or  evaporates.  The  drainage  pattern  of  Redbird  Creel;  (a 
tributary  of  the  Niobrara  River)  has  advanced  southward  to  within 
about  a  mile  of  the  site.  To  the  west,  south,  and  east,  there  are  not 
even  intermittent  streams  for  several  miles. 

From  the  site,  then,  except  for  carefully  placed  project  equipment, 
one  has  an  unobstructed  view  for  miles  (Figure  2.1).  Since  there  are 
no  hills  or  mountains  in  the  distance,  there  is  no  distinct  horizon. 
Toward  the  southeast  the  hill  forms  a  visibility  ma3k  at  1.5  miles.  The 
unobstructed  view  is  felt  only  when  distant  thunderstorms,  etc.,  are 
observed.  Otherwise,  there  is  nothing  to  see  in  the  distance. 

•Present  affiliation:  U.  S.  Navy  Electronics  Laboratory 
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Figure  2.1  View  looking  southwest  from  center  of  observation  line 
at  north  side  of  site.  Photograph  taken  in  mid-August 

Land  is  laid  out  in  mile-square  fields,  with  a  farmstead  on  many 
of  these  "country  blocks."  There  was  one  farmstead,  with  its  cluster 
of  buildings  and  trees,  about  1300  meters  northwest  of  the  gas  source. 
2.3  Soil 

The  site  was  in  a  hayfield  on  O'Neill  loam,  upland  phase.*  This 
soil  has  a  black,  top  soil  about  25  cm  thick.  It  is  loose  and  friable, 
and  with  profuse  grass  roots  forms  a  tough  sod.  Organic  matter 
content  was  determined  to  be  4  percent.  The  top  soil  is  underlain  by  a 
brown  subsoil,  about  20  cm  thick.  Both  these  layers  have  good  water¬ 
holding  capacity.  From  a  45-crn  depth  to  60  cm,  there  is  a  light  brown 
layer  of  compacted  soil.  Soil  particles  are  plate- like  and  horizontal, 
and  this  layer  is  very  difficult  to  cut  into  from  above.  However,  a 
small  clod  of  this  material  may  easily  be  crumbled  by  lateral  com¬ 
pression.  Through  this  compacted  layer,  few  grass  roots  penetrate. 
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There  are  decayed  roots,  up  to  1  cm  diameter,  of  shrubs  which  once 
grew  here  and  which  did  penetrate  this  layer  to  the  sand  below. 

Below  the  compacted  layer,  from  a  60- cm  depth  to  at  least  a 
120-cm  depth,  the  soil  is  a  loose,  coarse  sand  with  much  gravel. 

Water  held  here  is  only  very  slowly  available  to  the  grass,  because 
few  roots  penetrate  to  the  sand  and  water  movement  upward  through 
the  sand  and  the  compacted  layer  is  extremely  slow. 

Bulk  densities  of  the  soil  were  determined  on  10  July,  16  July, 

6  August,  and  29  August  near  the  Texas  A&M  instrumentation  location. 
The  best  values,  in  grams  of  dry  soil  material  per  cubic  centimeter  of 
the  natural  soil,  are  given  in  Table  2. 1. 


Table  2.1.  Values  of  bulk  density 


DEPTH 

(cm) 

BULK  DENSITY 
- - - 

(gm/cm  ) 

0  -10 

1.05 

"CVKMSBajM  ' 

1.15 

•  ■■WBWM  ~ 

1.25 

30-40 

1.34 

40-50 

1.35 

50-60 

1.36 

60-70 

1.41 

70-80 

1.47 

80-90 

1.54 

90-100 

1.60 

2.4  Vegetation 

The  wild  hay  was  cut  on  28  June.  Through  July  and  August,  the 
field  was  dominated  by  the  brown  stubble  5  to  6  cm  high,  with  some 
sparse  stubble  up  to  20  cm  high.  After  a  rain,  the  field  had  a  greenish 
brown  appearance  for  a  day  or  two.  This  was  due  to  a  short,  fine, 
green  grass  coming  up,  and  to  the  greening  of  some  species  of  brown¬ 
ish  grass  that  was  still  alive.  Growth  of  the  vegetation,  as  a  whole, 
was  slight,  and  the  amount  of  dead  and  living  plants  standing  up 
remained  fairly  constant.  In  late  August,  scattered,  small,  green 


shrubs  became  more  conspicuous.  These  shrubs  attained  a  height  of 
approximately  18  centimeters. 

There  were  a  few  small  prickly  pears  in  the  field.  There  was 
scarcely  any  litter  of  plant  material  lying  loose  on  top  of  the  soil.  Dried 
and  weathered  cakes  of  cow  dung  were  spread  about  rather  evenly,  about 
one  per  three  square  meters. 

2.5  Albedo 

Measurements  of  albedo  on  10-11  July;  24-25-26  July:  and  8-9 
August  show  that  the  albedo  is  lowest  at  solar  noon,  and  greater  near 
sunrise  and  sunset.  Average  values  for  those  days  are  given  in 
Table  2.2. 


Table  2.2.  Values  of  albedo 


TIME  (CST) 

ALBEDO 

0605 

0705  Si  1805 

.254 

0805  &  1705 

.212 

0905  &  1605 

.203 

1005  Si  1505 

.190 

1105  Si  1405 

.187 

1205  &  1305 

0.184 

The  albedo  varies  somewhat  with  solar  angle,  cloudiness,  moisture 
on  the  grass,  and  changes  in  the  vegetation  with  time. 

2.6  General  Weather 

Precipitation  was  measured  daily  from  29  June  through  28  August. 
Maximum  and  minimum  instrument  shelter  temperatures  were  meas¬ 
ured  from  10  July  onward.  These  data  are  given  in  Table  2.3.  On  most 
of  the  days  that  precipitation  occurred,  one  or  more  huge  thunderstorms 
were  visible  from  the  site.  These  were  accompanied  by  many  cloud-to- 
ground  lightning  flashes.  No  lightning  strikes  near  the  site  were  ob¬ 
served.  although  electrical  interference  sometimes  halted  the  use  of  the 
thermoelectric  temperature  measuring  system.  The  only  hail  storm 
of  the  summer,  with  hailstones  about  ?.  cm  in  diameter,  occurred  on 
29  June. 
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Table  2.3.  General  weather 

Maximum 

Temperature 

(°F) 

Minimum 

Temperature 

(°F) 

Precipitation  Notes 

(in.) 

29  June 

_ 

0.58  Hail  2  cm  in  diameter 

30 

- 

- 

.00 

1  July 

- 

- 

.23 

2 

- 

- 

.00 

3 

- 

- 

.00 

4 

- 

- 

.21 

5 

- 

- 

.00 

6 

- 

- 

.00 

7 

- 

- 

.00 

8 

- 

- 

.00 

9 

- 

- 

.00 

10 

90.0 

51.0 

.00  Moisture  determination 

11 

96.1 

69.2 

.00 

12 

89.7 

60.4 

.01 

13 

88.0 

59.6 

.00 

14 

98.8 

64.9 

.08 

15 

85.0 

64.4 

.00 

18 

87.1 

60.3 

.00  Moisture  determination 

i7 

90.9 

57.2 

.00 

18 

87.0 

60.3 

.21 

19 

77.7 

55.6 

.04 

20 

81.6 

50.9 

.00 

21 

* 

52.0 

.00 

22 

* 

* 

.00 

23 

92.0 

* 

.00 

24 

89i0 

65.0 

.00 

25 

96.0 

55.0 

.00 

26 

103.9 

69.8 

.00 

27 

88.8 

69.6 

.00 

28 

78.3 

60.4 

.00 

29 

85.8 

57.2 

.00 

30 

95.8 

69.0 

.03 

31 

69.2 

64.2 

.04 

1  August 

81.5 

63.9 

.32 

2 

92.8 

67.8 

.08 

3 

96.8 

69.0 

.19 

4 

90.0 

69.2 

.11 

5 

93.1 

58.3 

0.00 

^Thermometers  were  not  reset. 
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Table  2.3.  (cont.) 


Maximum 

Temperature 

%  TO 

Minimum 

Temperature 

TO 

Precipitation  Notes 

(in.) 

6  August 

88.2 

63.0 

0.06  Moisture  determination 

7 

89.8 

61.0 

.00 

8 

89.0 

59.4 

.04 

9 

89.9 

58.5 

.01 

10 

84.9 

56.0 

.04 

11 

84.5 

57.7 

.00 

12 

90.0 

63.5 

.01 

13 

93.0 

60.0 

.00 

14 

96.2 

66.0 

.00 

15 

100.0 

54.1 

.25 

16 

86.9 

65.5 

.00 

17 

83.2 

66.0 

.00 

18 

68.0 

56.0 

.20 

19 

72.0 

43.7 

.00 

20 

73.8 

49.7 

.00 

21 

88.3 

46.2 

.00 

22 

95.9 

51.6 

.00 

23 

90.4 

56.3 

.00 

24 

92.8 

48.9 

.00 

25 

95.5 

58.0 

.00 

26 

99.8 

67.0 

.00 

27 

95.5 

58.4 

.01 

28 

94.1 

58.7 

0.00 

29 

- 

50.3 

Moisture  determination 

2.7  Soil  Moisture 

Soil  moisture  was  generally  deficient,  and  no  crop  of  hay  was 
produced  after  the  mowing  in  late  June.  Moisture  determinations 
were  made  on  10  July,  16  July,  6  August,  and  29  August  along  with  the 
bulk  density  determinations.  The  values  are  sufficiently  accurate  for 
estimating  the  heat  capacity  of  the  soil.  They  are  not,  in  themselves, 
sufficient  for  specifying  availability  of  soil  moisture  for  evaporation 
and  transpiration.  No  independent  determinations  of  soil  wilting  point 
were  made.  Due  to  lateral  variability  and  inadequacy  of  sampling, 
these  moisture  determinations  do  not  permit  the  computing  of  changes 
in  soil  moisture  content  for  the  field. 
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Values  of  soil  moisture,  as  percent  dry  weight,  are  given  in 
Table  2.4. 


Table  2.4.  Values  of  soil  moisture  as  percent  dry  weight 

DEPTH  10  JULY  16  JULY  6  AUG  29  AUG  AVE  OF  4 
(cm)  _ 


Most  likely  all  of  these  values,  except  those  above  a  20-cm  depth  on 
6  August,  and  those  of  the  compacted  layer  and  the  sand  below,  represent 
the  wilting  point  of  the  individual  samples,  or  are  very  slightly  higher. 
These  soil  samples  at  the  wilting  point  were  dusty  and  dirty.  The  loose 
sand  below  was  cool  (about  25X)  and  moist  to  the  touch  throughout  the 
summer.  Howr  its  actual  content  of  water  was  slight.  The  high 
moisture  percej»v*6es  down  to  20  cm  on  6  August  reflect  an  increase  in 
available  moisture  from  recent  rains.  The  soil  in  the  field,  as  a  whole, 
appeared  to  be  driest  on  29  August  although  the  sample  moisture  deter¬ 
minations  do  not  bear  this  out. 

Since  the  soil  was  near  the  wilting  point  all  summer,  average  values 
of  the  heat  capacity  per  unit  volume  are  sufficiently  accurate  for  all 
soil  heat  computations.  These  values  are  given  in  Table  2.5. 


Table  2.5.  Values  of  heat  capacity  per  unit  volume 


DEPTH 

(cm) 

pc„ 

P  3 

(cal/cm  deg) 

0-10 

0.26 

10-20 

.28 

20-30 

.28 

30-40 

.30 

40-50 

.30 

50-60 

.30 

60-70 

*  .31 

70-80 

.31 

80-90 

.33 

90-100 

0.35 
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CHAPTER  3 


SURFACE  WEATHER  OBSERVATIONS 

W.  Covey,  M.  H.  Halstead,  S.  Hillman, 

J.  D.  Merryman,  R.  L.  Richman,  A.  H.  York 

Texas  A&M  Research  Foundation 

The  surface  weather  observations  at  gas  release  times  are  given 
in  Table  3.1. 
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CHAPTER  4 

SYNOPTIC  INFORMATION 

P.  A.  Giorgio  and  Lt.  D.  W.  Stevens 
Geophysics  Research  Directorate 
Air  Force  Cambridge  Research  Center 

At  an  early  stage  of  the  field  program,  it  became  very  apparent 
that  use  of  only  National  Weather  Analysis  Center  facsimile  maps  and 
prognoses  would  not  suffice  for  the  purposes  of  forecasting  wind  di¬ 
rection  for  gas  releases.  Consequently,  sectional,  sea- level, 
pressure  maps  were  plotted  and  analyzed,  using  hourly  airways  se¬ 
quences  from  the  network  of  stations  lying  in  the  area  extending  from 
approximately  93°  W  to  104°  W  Longitude  and  from  the  United  States- 
Canadian  border  southward  to  37°  N  Latitude.  Occasionally,  coverage 
was  extended  westward  as  far  as  approximately  120°  W,  and  southward 
to  about  35  JN.  Isobars  were  drawn  at  1  mb  intervals.  These  maps 
revealed  many  small-scale  features  of  the  circulation  which  seldom 
appeared  on  the  large-scale  facsimile  maps,  and  which  often  exer¬ 
cised  primary  control  over  the  airflow  at  O'Neill.  This  type  of 
analysis  greatly  facilitated  the  wind  direction  forecasting  problem,  and 
enabled  more  effective  scheduling  of  gas  releases. 

The  accompanying  maps  were  prepared  from  hourly  airways  se¬ 
quences.  Times  were  selected  so  that,  in  most  cases,  the  map 
represents  the  sea- level  pressure  pattern  existing  midway  between  two 
gas  releases.  The  only  values  plotted  are  the  surface  wind  speed  and 
direction  and  the  sea-level  pressure  report  from  the  station.  Tem¬ 
peratures  were  used  in  some  of  the  analyses,  but  omitted  from  the 
figures  in  the  interest  of  clarity  of  reproduction.  Standard  analysis 
procedure  was  used,  except  that  the  isobar  interval  is  1  millibar.  All 
analyses  were  checked  for  consistency  with  the  U.  S.  Weather  Bureau 
analyses  for  the  same  period.  The  isobar  labels  are  the  last  two 
digits  of  the  sea-level  pressure:  13  =  1013  millibars. 
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CHAPTER  5 

DIFFUSION  MEASUREMENTS  DURING  PROJECT  PRAIRIE  GRASS 

H.  E.  Cramer,  F.  A.  Record,  and  H.  C.  Vaughan 
Massachusetts  Institute  of  Technology 


The  diffusion  measurements  obtained  during  Project  Prairia  Grass 
comprise  average  or  time- mean  concentrations  determined  at  selected 
points  downwind  from  a  continuous  point  source  of  sulfur- dioxide  gas 
located  near  ground  level.  Sulfur  dioxide  is  relatively  inexpensive  and 
readily  available;  the  sampling  technique  is  based  on  firmly  established 
and  extremely  simple  physical  principles,  and  is  capable  of  resolving 
minute  concentrations  of  the  order  of  0.01  parts  per  million.  The 
sampling  network  utilized  midget  impingers  mounted  at  a  height  of 
1.5  m  along  five  semicircular,  concentric  arcs  located  within  800  m  of 
the  release-point.  Limited  vertical  sampling  was  carried  out  along  the 
100- m  arc  by  means  of  impingers  mounted  at  9  levels  on  6  lightweight 
towers.  Electrically-operated  vacuum  units  suitably  positioned  within 
the  sampling  network  provided  aspiration  for  the  impingers.  During 
the  diffusion  experiments,  air  was  drawn  into  the  impingers  through 
short  sections  of  capillary  tubing  and  bubbled  through  a  dilute  hydrogen- 
peroxide  solution.  Sulfur  dioxide  present  in  the  air  samples  combined 
with  the  hydrogen  peroxide  to  form  sulfuric  acid.  Average  gas  concen¬ 
trations  were  determined  from  laboratory  measurements  of  the  electrical 
conductivity  of  the  aspirated  solutions. 

Data  are  available  for  approximately  70  diffusion  experiments 
carried  out  in  a  wide  variety  of  weather  conditions.  Approximately  half 
the  data  refer  to  unstable  (daytime)  thermal  stratification  and  the  re¬ 
mainder  were  obtained  at  night  in  the  presence  of  temperature  inver¬ 
sions.  In  the  experiments,  the  sampling  networks  were  put  in  operation 
just  before  the  start  of  the  gas  release  which  lasted  for  10  minutes; 
operation  of  the  networks  continued  for  several  additional  minutes  after 


the  end  of  the  gas  release  to  permit  the  wind  to  transport  the  tracer 
beyond  the  800-m  arc.  A  detailed  description  of  the  apparatus  and 
techniques  used  during  the  diffusion  experiments  is  given  below. 

5.2  Generation  of  the  Tracer 

The  basic  features  of  the  sulfur- dioxide  generator  are  shown 
schematically  in  Figure  5. 1  and  a  photograph  of  the  field  installation 
of  the  generating  equipment  is  presented  in  Figure  5.2.  Operation  of 
the  generator  may  be  described  as  follows:  Liquid  sulfur  dioxide  from 
an  inverted  150-  lb  cylinder  was  vaporized  in  a  specially-constructed 
chamber  immersed  in  150  gallons  of  hot  water  contained  in  a  large 

a 

circular  tank.  Approximately  3  x  10°  calories  were  required  to 
vaporize  the  sulfur  dioxide  released  during  each  experiment.  This 
amount  of  heat  must  be  supplied  from  an  external  source  to  maintain 
a  constant  rate  of  emission  consistent  with  efficient  source  operation. 
Otherwise,  the  attendant  rapid  cooling  of  the  gas- liquid  interface 
produces  excessive  pressure  decreases  throughout  the  system  and  a 
consequent  steady  decrease  in  the  rate  of  emission.  The  requisite 
heat  transfer  was  facilitated  by  continuous  circulation  of  the  heated 
water  in  the  large  tank  through  a  100- ft  coil  of  copper  tubing  placed 
inside  the  vaporization  chamber;  thermostatically- controlled  im¬ 
mersion  heaters  rated  at  10  kw  maintained  the  water  temperature  at 
approximately  50°C.  It  was  frequently  necessary,  during  the  latter 
part  of  the  daytime  gas  releases,  to  add  liquid  sulfur  dioxide  to  the 
vaporization  chamber  to  maintain  the  required  emission  rate;  elec¬ 
tric  strip  heaters  attached  to  the  exterior  of  the  inverted  steel 
cylinder  aided  in  effecting  this  transfer.  From  the  vaporizer,  the  gas 
flowed  through  a  pressure  regulator  and  an  adjustable  valve  controlling 
the  flow  rate  into  a  large  ironcase  meter  (American  Meter  Company 
Type  500B).  Total  output  registered  on  a  special  indicating  dial  at  the 
top  of  the  meter  case.  The  gas  meter  was  adjusted  at  the  factory  to 
read  about  1  percent  low  with  an  accuracy  of  +  0.5  percent.  Pressure 
and  temperature  of  the  gas  were  measured  both  at  the  inlet  and  outlet 
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Schematic  diagram  of  sulfur -dioxide  generator. 


of  the  meter  to  permit  accurate  reduction  of  the  total  amount  of  gas 
released  to  a  source  strength  expressed  in  g  sec-  *.  As  shown  in 
Figure  5.2,  the  gas  meter  and  the  large  water  tank  were  set  in  a 
shallow  trench  to  minimize  the  disturbance  to  the  natural  air  flow  im¬ 
mediately  upwind  from  the  release  point  for  the  sulfur- dioxide  gas. 

The  tracer  was  conducted  from  the  meter  outlet  through  a  50- m  length 
of  2- inch  plastic  pipe  buried  just  beneath  the  surface  of  the  ground,  and 
was  released  horizontally  at  a  height  of  46  centimeters.  A  photograph 
of  the  orifice  is  presented  in  Figure  5.3;  the  picture  was  taken  prior  to 
the  start  of  the  field  experiments  before  the  grass  at  the  field  site  was 
mowed.  In  six  experiments  (Nos.  63-68),  the  height  of  the  release 
point  was  adjusted  to  1.5  m,  the  height  of  the  samplers  in  the  horizontal 
sampling  network. 

The  rate  of  tracer  emission  was  adjustable  over  a  wide  range;  the 
maximum  source  strength  of  about  100  g  sec-*  was  utilized  during  the 
daytime  releases.  Uniformity  of  the  emission  rate  was  checked  during 
the  releases  by  marking  the  passage  of  each  10  cu  ft  of  gas  through  the 
meter  on  an  Esterline- Angus  recorder;  a  manually- operated  switch 
activated  a  sidemarker  pen  that  put  a  pip  at  the  side  of  the  moving  chart 
roll.  During  all  nighttime  experiments  and  during  most  daytime  experi¬ 
ments,  observed  variations  in  the  emission  rate  were  less  than  5  per¬ 
cent.  In  a  few  daytime  gas  releases,  the  emission  rate  during  the  last 
minute  of  source  operation  was  from  5  to  10  percent  below  the  initial 
rate. 

5.3  Description  of  the  Sampling  Network 

Average  gas  concentrations  were  determined  at  approximately  six 
hundred  individual  sampling  stations  located  within  a  semicircle  of 
radius  800  m  centered  on  the  release  point  for  the  tracer.  As  shown  in 
Figure  1.1,  the  base  line  of  the  horizontal  sampling  network  was  oriented 
along  a  true  East-West  line  to  take  advantage  of  prevailing  southerly 
winds.  Midget  impingers  (Mine  Safety  Appliance  Company)  were 
mounted  at  a  height  of  1.5  m  on  steel  fence  posts  located  along  five 


semicircular  arcs.  The  posts  were  spaced  at  intervals  of  2  degrees 
along  the  50-,  100-,  200-,  and  400-m  arcs; at  800m,  a  separation  interval 
of  1  degree  was  used.  The  posts  for  each  arc  were  numbered  consecu¬ 
tively,  Post  Number  1  being  located  at  the  intersection  of  the  arc  with 
the  western  limb  of  the  base  line  (that  is  at  a  true  angular  bearing  of 
270  degrees  from  the  release  point).  Details  of  the  impinger  installa¬ 
tion  are  showp  in  Figures  5.4  and  5.5,  and  a  view  of  part  of  the  fence 
post  array  along  the  100-m  arc  appears  in  Figure  5.7. 

Each  impinger  contained  10  ml  of  dilute  (slightly  acidified)  hydro¬ 
gen  peroxide  solution.  Use  of  capillaries  (see  Figure  5.5)  reduced  the 
variations  in  flow  rate  between  impingers  to  within  1  or  2  percent; 
otherwise,  variations  of  the  order  of  10  percent  were  frequently  present. 
Each  section  of  precision  bore  capillary  tubing  (inside  diameter  - 
0.0252+  0.0003  in.;  length  -  1.330  to  1.335  in.)  was  tested  individually 
in  the  laboratory  with  a  standard  impinger;  only  those  sections  that  were 
within  1.5  percent  of  standard  were  selected  for  field  use.  Air  thus 
drawn  into  the  impingers  passed  down  the  central  glass  tubes  and  was 
broken  into  tiny  bubbles  as  it  impinged  upon  the  bottom  of  the  glass 
flasks.  Sulfur  dioxide  present  in  the  air  reacted  with  the  hydrogen 
peroxide  to  form  sulfuric  acid.  The  collection  efficiency  of  the  im¬ 
pingers,  as  indicated  by  laboratory  tests  described  below,  was  greater 
than  97  percent  for  all  the  Prairie  Grass  experiments. 

Aspiration  of  the  impingers  was  provided  by  11  vacuum  units 
(electric  motor,  pump,  tank,  vacuum  regulator)  apportioned  as  follows 
along  the  various  arcs:  one  unit  at  50  m;  two  units  at  100  m  (one  for 
the  vertical  network  described  below),  200  m,  and  400  m;  and  four  units 
at  800  meters.  One  of  the  units  used  in  field  experiments  is  shown  in 
Figure  5.0.  The  1/3-hp  motor,  pump,  and  tank  are  sold  commercially 
for  use  with  farm  milking  machines  (Sears  Roebuck  and  Company);  the 
diaphragm-type  regulator  (Fisher  Governor  Company  Type  734A),  seen 
at  the  extreme  left  of  the  photograph,  maintained  the  line  vacuum  within 
1  to  2  percent  of  the  desired  value  during  the  10-minute  sampling  period. 
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A  visual  check  on  the  line  vacuum  was  provided  by  a  mercury 
manometer  mounted  on  a  steel  fence  post.  Heavy-wall  rubber  hose 
was  attached  to  the  Inlets  of  the  vacuum  tanks  (see  Figure  5.6)  and  laid 
on  the  ground  along  the  arcs  of  the  sampling  network.  Copper  tubing 
was  inserted  In  the  hose  at  each  sampling  station  and  fastened  to  the 
steel  fence  posts  (see  Figure  5.4).  The  impingers  were  set  in  ring 
holders  attached  to  the  tops  of  the  posts  and  connected  to  the  vacuum 
line  by  short  lengths  of  gum  rubber  tubing  (see  Figure  5.5).  An 
aspiration  rate  of  1.0  liter  min~*  was  used  at  50  and  100  m;  this 
required  a  line  vacuum  of  51  mm  of  mercury.  A  somewhat  higher 
aspiration  rate  (1.5  liter  min”*,  requiring  a  line  vacuum  of  100  mm 
of  mercury)  was  used  at  the  other  arcs  to  compensate  in  part  for  the 
expected  decrease  in  concentration  with  travel  distance.  The  maxi¬ 
mum  drop  in  line  vacuum  along  the  longest  sections  of  rubber  hose 
was  about  4  percent;  this  is  equivalent  to  a  reduction  of  about  2  per¬ 
cent  in  the  rate  of  aspiration.  Operation  of  the  vacuum-pump  motors 
was  controlled  from  a  central  switchboard  located  along  the  center- 
line  of  the  sampling  network  at  a  travel  distance  of  about  450  m  from 
the  release  point.  Line  vacuums  were  checked  and  necessary  ad¬ 
justments  made  just  before  the  start  of  each  diffusion  experiment. 

Average  gas  concentrations  were  also  determine^  along  th*- 
vertical  from  midget  impingers  mounted  at  nine  levels  on  each  of  six 
towers  located  along  the  100-m  arc.  The  lightweight  television- type 
towers  (Alprodco,  Inc.)  were  spaced  at  intervals  of  14  degrees  and 
were  positioned  symmetrically  with  respect  to  the  center  line  of  the 
horizontal  sampling  network.  A  photograph  of  the  tower  array  ap¬ 
pears  in  Figure  5.7.  The  towers  were  constructed  of  aluminum  alloy 
with  triangular  cross  sections  measuring  8-1/2  inches"  on  a  side;  each 
tower  rested  on  a  small  cement  base  and  was  supported  at  three 
levels  by  3/16-inch  stranded- steel  guy  wires.  The  technique  for  in¬ 
stalling  the  impingers  on  the  towers  is  illustrated  in  Figure  5.8. 

Heavy  rubber  hose  similar  to  that  used  in  the  horizontal  network  was 
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Figure  5.7  Tower  array  at  100-m  arc. 
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Figure  5.8  Close-up  of  impinger  installation 
on  tower 

fitted  with  short  lengths  of  solid  brass  rod  (5/8  in.  in  diameter);  a 
portion  of  the  interior  of  each  rod  was  drilled  out  to  make  the  line 
vacuum  available  at  a  port  on  the  side  of  the  rods.  The  ports  com¬ 
prised  short  sections  of  1/4-inch  brass  tubing  silver-soldered  to  the 
brass  rods.  Spring  clamps  fastened  to  the  ends  of  the  brass  rods 
served  to  hold  the  impingers  securely  in  place.  Prior  to  the  start  of  a 
diffusion  experiment,  the  rubber  hose  was  raised  by  simple  block  and 
tackle  gear;  the  ascent  of  the  hose  was  guided  by  sections  of  aluminum 
track  fastened  to  the  sides  of  the  towers  and  slotted  to  permit  passage 
of  the  brass  rods  (see  Figure  5.8).  Impingers  were  inserted  in  the 
spring  clamps  and  gum  rubber  tubing  used  to  connect  the  impinger 
outlets  to  the  line-vacuum  ports.  At  the  conclusion  of  the  experiment, 
the  rubber  hose  was  lowered  and  the  impingers  removed  for  transport 
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to  the  laboratory  and  subsequent  analysis.  The  rope  used  to  raise  and 
lower  the  vertical  sampling  apparatus  appears  at  the  extreme  right  of 
Figure  5.8.  This  simple  technique  worked  very  satisfactorily.  A  single 
vacuum  unit  located  at  the  center  of  the  100-m  arc  provided  aspiration 
for  the  impingers  on  the  6  towers.  Concentrations  were  determined  at 
9  levels  on  each  tower:  0.5,  1.0,  1.5,  2.5,  4.5,  7.5,  10.5,  13.5,  and 
17.5  meters. 

5.4  Laboratory  Procedure 

The  successful  execution  of  the  diffusion  experiments  depended  in 
large  measure  upon  careful  analytic  procedure  and  high  standards  of 
cleanliness.  Any  contamination  of  the  impinger  solutions  seriously  im¬ 
paired  the  high  degree  of  resolution  otherwise  obtainable  in  the  measure¬ 
ments.  A  special  laboratory  building  was  erected  at  the  field  site  to 
provide  storage  space  for  the  impingers  and  auxiliary  apparatus,  as  well 
as  working  space  for  analysis  of  the  aspirated  solutions.  The  building 
was  of  double-wall  plywood  construction,  fully  insulated,  and  painted 
white  on  the  exterior  to  minimize  the  absorption  of  solar  radiation.  In¬ 
cursions  of  dust  were  largely  eliminated  through  the  use  of  sealed 
windows  and  a  single  entrance  on  the  north  side  of  the  building,  shel-. 
tered  from  the  prevailing  southerly  winds.  An  exterior  view  of  the 
laboratory  building  appears  in  Figure  5.9.  Suitable  temperatures  were 
maintained  within  the  laboratory  building  by  two  air  conditioners. 

Diffusion  experiments  were  scheduled  in  pairs,  each  experiment 
requiring  the  use  of  599  impingers.  The  impingers  were  filled  by  means 
of  pipettes  that  automatically  metered  10  ml  of  solution.  The  filling 
operation  is  shown  in  Figure  5.10;  the  wire  basket  appearing  in  the 
figure  contains  approximately  50  impingers.  After  the  impingers  were 
filled  with  hydrogen-peroxide  solution,  the  baskets  were  stored  on 
shelves  in  the  laboratory  (see  Figure  5.11)  until  the  field  crew  took 
them  to  the  sampling  network.  Much  of  the  work  of  installing  the 
impingers  within  the  network  and  returning  the  samplers  to  the  labora¬ 
tory  was  performed  by  12  high-school  age  boys  from  O’Neill,  Nebraska. 
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.10  Filling  impingers 
with  solution. 


\  : 


Figure  5.1^  Analysis  team  determining 
conductance  of  aspirated  solutions 


The  following  precau- 

tions  were  taken  to  - _  ES 

avoid  any  mixup  in  the  &L*  ’•n  -  '  ; 

impingers:  All  baskets  E 
were  clearly  labeled  W|H 

with  respect  to  the  ap-  ,  4^^ 

propriate  arc  and  the 

spaces  for  individual  I  I  I  ||ggr 

impingers  were  num-  M 

bered  according  to  the 
posts  of  the  horizontal 

sampling  network;  the  Figure  5.1^  Analysis  team  determining 
impingers  in  each  conductance  of  aspirated  solutions 

basket  were  similarly  labeled.  There  were  two  complete  sets  of  im¬ 
pingers;  the  baskets  of  one  set  were  painted  blue  and  those  of  the 
second  set  were  painted  red.  Only  one  set  was  ever  permitted  to  leave 
the  laboratory  during  preparations  for  a  gas  release.  The  impingers 
for  the  vertical  sampling  network  were  placed  in  separate  baskets  and 
dearly  labeled.  The  field  crew  left  the  sampling  network  area  after 
the  impingers  had  been  installed  and  waited  for  the  conclusion  of  the 
experiment.  Then,  after  the  tracer  had  cleared  tne  networks  and  the 
meteorological  measurements  were  ended,  the  field  crew  collected  the 
impingers  and  returned  the  baskets  to  the  laboratory  for  analysis. 

The  analysis  consisted  of  measuring  the  electrical  conductance  of 
the  aspirated  solutions  using  conductivity  cells  and  Wheatstone  bridges. 
The  impinger  baskets  were  placed  one  at  a  time  in  a  constant- tempera¬ 
ture  water  bath.  When  the  bath  temperature  reached  the  prescribed 
value,  the  conductance  of  the  solution  in  each  impinger  was  measured. 
An  analysis  team  is  shown  in  Figure  5.12;  the  man  standing  has  re¬ 
moved  the  top  of  the  Impinger  assembly  and  inserted  the  dip- type 
conductivity  ctll  into  the  solution;  the  man  seated  is  reading  the  re- 
slsta  ■  on  a  Wheatstone  bridge.  This  equipment  was  duplicated  at 
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the  other  end  of  the  laboratory.  When  all  the  conductances  had  been  de¬ 
termined  and  checked  for  accuracy,  the  impingers  were  emptied,  rinsed, 
and  refilled  with  solution  in  preparation  for  the  next  experiment.  After 
the  laboratory  and  field  crews  had  become  proficient,  it  was  possible  to 
conduct  four  diffusion  experiments  within  an  8- hour  period. 

Reduction  of  the  electrical  conductivities  to  gas  concentrations  is 
based  on  well-known  laboratory  procedures.  *  Calibration  curves  may  be 
obtained  directly  by  determining  the  conductance  of  sulfuric  acid  solu¬ 
tions  of  known  normality.  Equivalent  conductance  for  these  solutions  is 
tabulated  in  standard  reference  books  for  a  wide  range  of  normality  and 
temperature.  The  relationship  between  the  specific  conductance  of  a 
solution  at  a  temperature  of  27°C  and  the  normality  of  the  solution  is 
shown  in  Figure  5.13.  The  scale  at  the  right  of  the  figure  expresses 
normality  in  terms  of  milligrams  of  sulfur  dioxide  per  cubic  meter  of 
air  for  10  ml  of  absorbing  solution  and  a  sample  volume  of  air  of 
15  liters.  The  reference  level  for  zero  concentration  was  obtained  from 
the  average  conductance  of  aspirated  solutions  contained  in  impingers 
that  were  clearly  in  sectors  of  the  sampling  network  outside  the  limits 
of  the  gas  plume.  The  uncertainty  in  the  laboratory  technique  lor  de¬ 
termining  conductance  is  less  than  2  percent  within  the  normal  range  of 
concentrations. 

5.5  Collection  Efficiency  of  the  Midget  Impingers 

The  apparatus  shown  in  Figure  5.14  was  used  to  determine  collec¬ 
tion  efficiencies  of  the  midget  impingers  in  the  laboratory.  Sulfur- 
dioxide  gas  and  air  were  metered  into  the  vertical  pipe  at  the  left  and 
entered  the  large  mixing  tank;  the  mixture  was  removed  from  the  tank 
and  drawn  through  the  pipe  and  rubber  hose  shown  at  the  right  of  the 
photograph  by  an  exhauster  located  outside  the  laboratory  building. 

Both  the  amount  of  air  and  sulfur  dioxide  were  adjustable  over  a 


*For  a  previous  application  of  this  method  see:  Dean.  R.  S. ,  and  others, 
1044:  Report  submitted  to  the  Trail  Arbitral  Tribunal.  Bull.  U.  S, 
Bureau  of  Mines,  No.  453. 
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Figure  5.15  Collection  efficiencies  of  midget  impingers  used  in 
Prairie  Grass  diffusion  experiments 

wide  range.  The  mixture  was  sampled  through  ports  in  the  exit  pipe  in 
the  following  manner:  The  small  vacuum  pump  in  the  foreground  drew 
the  mixture  at  a  predetermined  rate  (1.0  or  1.5  liter  min"1)  through 
four  impingers  connected  in  series  by  non- absorbing  plastic  tubing. 
Samples  were  obtained  over  1-minute  periods  at  levels  of  concentra¬ 
tion  approximately  10  times  larger  than  those  encountered  In  the  field 
experiments.  This  procedure  was  Intended  to  compensate  for  the 
meandering  of  the  gas  plume  during  field  experiments  produced  by  the 
larger-scale  fluctuations  in  azimuth  wind  direction;  in  effect,  the  gas 
plume  is  present  at  an  individual  sampling  station  for  only  a  fraction 
of  the  10-minute  sampling  time.  The  significance  of  solution  tempera¬ 
ture  on  the  measurement  technique  was  investigated  by  immersing  the 
four  Impingers  in  a  water  bath;  the  bath  temperature  was  then  varied 
over  the  range  from  5°  to  50°C.  Conductivity  measurements  of  the 
solutions  in  the  four  impingers  provided  concentration  data  used  In 
calculating  the  collection  efficiencies  presented  In  Figure  5.15. 
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The  results  are  directly  applicable  to  the  Project  Prairie  Grass 
diffusion  experiments;  the  concentrations  plotted  in  Figure  5. 15  are 
adjusted  for  the  10- minute  sampling  periods  of  the  field  experiments 
(that  is  they  are  1/10  the  values  determined  from  the  laboratory  tests 
described  above).  Maximum  10-minute  concentrations  measured  during 
the  Prairie  Grass  experiments  are  indicated  in  the  figure  by  the  symbol 
M.  The  data  indicate  that  the  collection  efficiencies  during  Prairie 
Grass  were  greater  than  97  percent  in  all  cases.  The  sharp  decrease 
in  collection  efficiency  with  increasing  concentration  exhibited  by  the 
curves  is  associated  with  the  removal  of  hydrogen  peroxide  from  the 
solution;  the  concentration  at  which  this  occurs  can  be  altered  by 
changing  the  amount  of  hydrogen  peroxide  in  the  solution.  The  solution 
used  during  Prairie  Grass,  and  in  the  laboratory  experiments  for  de¬ 
termining  the  collection  efficiency,  was  prepared  by  adding  50  ml  of 
30  percent  hydrogen  peroxide  and  10  ml  of  1/10  normal  sulfuric  acid  to 
18  liters  of  distilled  water.  The  solution's  temperature  appears  to  have 
no  significant  effect  on  collection  efficiency  for  temperatures  within  the 
5°  to  40°C  range;  for  temperatures  of  50°C,  the  collection  efficiency  is 
somewhat  reduced  as  indicated  by  the  dashed  lines  in  Figure  5.15. 

5.6  Discussion  of  the  Reliability  of  the  Concentration  Measurements 

As  pointed  out,  above,  determining  time-mean  gas  concentrations 
involves  a  relatively  large  number  of  individual  measurement  tech¬ 
niques  and  pieces  of  equipment.  With  few  exceptions,  the  uncertainties 
associated  with  these  individual  procedures  are  all  within  the  range  of 
from  1  to  2  percent.  It  is  also  evident  that  many,  if  not  most,  of  these 
uncertainties  are  probably  random  and  tend  largely  to  compensate  one 
another.  The  accuracy  of  the  determination  of  average  source  strength 
for  individual  gas  releases  depends  principally  upon  the  reliability  of 
the  gas  meter  and  on  the  representativeness  of  the  temperature  meas¬ 
urements  obtained,  during  the  releases,  at  the  inlet  and  outlet  of  the 
meter. 

In  calculating  the  weight  of  gas  released,  arithmetic  means  of  the 
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inlet  and  outlet  measurements  were  used.  For  the  nighttime  gas  re¬ 
leases,  there  is  no  significant  difference  between  the  two  sets  of  data. 
During  the  daytime  releases,  the  inlet  temperature  is  frequently  10°  to 
12°C  lower  than  the  outlet  temperature.  In  these  cases,  use  of  the 
average  temperature  might  lead  to  uncertainties  of  the  order  of  1  to  2 
percent  in  the  calculated  source  strength.  Changes  in  ambient  air  tem¬ 
perature  have  only  a  slight  effect  on  the  mechanical  parts  of  the  gas 
meter;  the  manufacturer  states  that  the  temperature  coefficient  for  the 
displacement  mechanism  is  approximately  0.05  percent  per  degree 
Fahrenheit.  Over  the  range  of  temperatures  encountered  during  the 
experiments,  this  would  result  in  an  uncertainty  of  about  1  percent. 
Duration  of  the  gas  release  was  controlled  within  limits  of  1  to  2  per¬ 
cent.  Residual  sulfur  dioxide  remaining  in  the  plastic  pipe  used  to 
conduct  the  tracer  from  the  meter  to  the  release-point  constitutes 
approximately  1  percent  of  the  total  volume  released  during  nighttime 
experiments  and  about  0.5  percent  of  the  total  volume  released  during 
the  daytime  experiments.  This  appears  to  be  a  negligible  source  of 
error.  The  adjustment  in  the  gas  meter  at  the  factory,  resulting  in 
dial  readings  approximately  1  percent  too  low,  is  offset  very  nicely  by 
the  collection  efficiency  of  the  impingers  which  averages  approximately 
99  percent. 

Possible  sources  of  error  in  the  collection  of  gas  samples  exist 
principally  in  variations  in  the  rate  of  aspiration  and  loss  of  solution 
due  to  evaporation.  As  mentioned  above,  laboratory  tests  of  individual 
impingers  and  capillaries  limited  the  variation  in  flow  rate  under 
standard  vacuum  to  a  range  of  1  to  2  percent.  In  field  use,  line  vacuum 
depended  upon  the  initial  adjustment  based  on  mercury  manometer 
readings,  the  sensitivity  of  the  vacuum  regulators,  and  the  line  drop 
along  the  arcs.  Each  of  these  factors  contains  an  uncertainty  of  about 
1  to  2  percent  with  respect  to  the  aspiration  rate.  All  concentrations  were 
calculated  on  the  assumption  that  the  volume  of  absorbing  solution  in 
the  impingers  remained  unchanged  during  the  experiments.  There  Is 
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actually  a  small  reduction  in  volume  due  to  loss  of  water  vapor  during 
aspiration.  Similar  loss  of  sulfuric  acid  is  considered  insignificant  in 
view  of  its  very  low  vapor  pressure. 

The  water  vapor  loss  may  be  estimated  in  two  ways.  The  amount  of 
water  vapor  required  to  saturate  the  entrained  air  may  be  calculated 
from  a  knowledge  of  the  aspiration  rate,  air  temperature,  relative  hu¬ 
midity,  and  the  duration  of  the  sampling  period.  The  latter  comprises 
both  the  actual  operation  time  of  the  sampling  networks  during  each  gas 
release  and  the  time  required  to  check  the  line  vacuum  prior  to  the  start 
of  each  release.  No  records  were  kept  of  the  total  aeration  time  which 
varied  from  experiment  to  experiment  and  from  one  arc  to  another. 
However,  a  period  of  about  18  to  30  minutes  was  usually  required.  Cal¬ 
culations  based  on  the  maximum  aeration  time  of  30  minutes  and  an 
aspiration  rate  of  1.0  liter  min"1  indicate,  for  the  nighttime  experiments, 
a  median  error  of  2  percent  and  an  extreme  range  from  0.6  to  5.0  per¬ 
cent.  Similar  calculations  for  the  daytime  experiments  indicate  a  median 
error  of  5.5  percent  with  an  extreme  range  from  2  to  10  percent.  Loss 
of  solution  by  evaporation  may  also  be  estimated  from  differences  in 
the  conductance  of  aspirated  solutions  in  impingers  located  outside  the 
limits  of  the  time- mean  gas  plume  and  the  conductance  of  unaspirated 
solutions  in  spare  impingers.  These  data  are  available  for  practically 
all  the  experiments  and  permit  calculation  of  correction  factors  at  each 
travel  distance. 

The  principal  source  of  uncertainty  in  this  method  is  the  presence 
of  background  contaminants  that  may  affect  the  conductance  of  the 
aspirated  solutions;  it  appears  that  this  factor  is  generally  quite  small 
and  probably  does  not  account  for  more  than  a  1  or  2  percent  variation 
in  conductance.  Approximate  correction  factors  based  on  conductances 
are  presented  in  Table  5.4;  the  results  Indicate  a  median  error  of  3  to 
5  percent  for  the  nighttime  experiments  and  of  6  to  9  percent  for  the 
daytime  experiments.  The  lower  estimates  refer  to  the  concentration 
measurements  at  50  and  100  m,  and  the  higher  estimates  refer  to  the 


remaining  travel  distances  and  reflect  principally  the  difference  in  rates 
of  aspiration  discussed  above. 

The  laboratory  analysis  of  the  hspirated  solutions  was  performed  in 
the  following  manner:  Baskets  containing  about  fifty  impingers  were 
placed  one  at  a  time  in  the  water  baths.  When  the  proper  bath  tempera¬ 
ture  had  been  attained,  a  dip-type  conductivity  cell  was  inserted  in  one 
impinger  and  the  conductance  determined.  Then  the  cell  was  removed, 
excess  solution  was  shaken  off,  and  the  cell  was  inserted  in  the  next 
impinger,  and  the  process  repeated.  This  procedure  entailed  a  slight 
carry-over  of  solution  from  one  impinger  to  the  next.  The  usual  prac¬ 
tice  involved  determination  of  conductances  from  one  edge  of  the  plume 
to  a  point  slightly  beyond  the  peak  concentration;  the  analysis  then  con¬ 
tinued  from  the  other  edge  of  the  plume  towards  the  peak.  The  reduction 
in  concentration  produced  by  the  carry-over  and  subsequent  dilution  of 
solutions  is  estimated  to  be  from  0  to  1  percent.  The  Wheatstone  bridge 
had  an  uncertainty  of  about  1  percent.  Errors  due  to  the  original  ad¬ 
justment  of  the  conductivity  cells  and  to  changes  in  cell  constants  are 
believed  to  be  about  1  or  2  percent.  A  change  of  about  7  percent  was 
noted  in  the  constant  of  one  conductivity  cell  during  tlie  period  of  the 
experiments;  conductances  determined  with  this  cell  were  subsequently 
adjusted.  Electrolytic  solutions  have  temperature  coefficients  of  re¬ 
sistance  of  about  2  percent  per  degree  Centigrade;  since  the  water  bath 
temperature  was  maintained  constant  within  0. 1°C,  variations  in  solution 
temperature  may  be  neglected  as  a  possible  source  of  error. 

Reduction  of  the  electrical  conductivities  of  the  aspirated  solutions 
to  concentrations  was  based  on  results  of  laboratory  determinations  of 
the  specific  conductance  of  sulfuric  acid  solutions  of  known  normality. 
The  values  thus  obtained  are  in  substantial  agreement  with  those  de¬ 
rived  from  published  data.  The  calibration  curves  used  in  reducing  the 
measured  conductances  are  believed  accurate  to  about  +  3  percent. 

The  reference  level  for  zero  concentration  was  obtained  from  the 
arithmetic  mean  of  the  conductances  of  aspirated  solutions  contained  in 
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impingers  located  outside  the  limits  of  the  time-mean  gas  plume.  In 
general,  this  concentration  level  is  almost  entirely  due  to  the  small 
amount  of  sulfuric  acid  added  in  preparing  the  dilute  hydrogen-peroxide 
solution.  It  does  not,  therefore,  indicate  the  presence  of  any  significant 
amount  of  sulfur-dioxide  in  the  atmosphere  at  the  Prairie  Grass  field 
site.  As  the  limit  of  resolution  of  the  sampling  technique  is  approached, 
the  uncertainty  of  determination  increases  rapidly;  for  concentrations 

O 

less  than  0. 10  mg  m~  ,  this  uncertainty  is  approximately  25  percent. 

Approximate  checks  on  the  reliability  of  the  concentration  meas¬ 
urements  were  obtained  by  comparing  the  calculated  source  strengths 
with  the  mass  transport  of  sulfur-dioxide  gas  through  a  vertical  cross 
section  at  a  travel  distance  of  100  meters.  This  is  the  only  distance  at 
which  vertical  concentration  data  are  available.  The  results  indicate 
that  the  estimates  for  the  mass  transport  are  about  10  percent  higher, 
on  the  average,  than  the  calculated  source  strengths  for  the  nighttime 
experiments;  a  similar  average  discrepancy  of  about  15  percent  is 
noted  in  the  case  of  the  daytime  experiments.  Roughly  one-third  of 
these  differences  can  be  explained  by  the  loss  of  solution  due  to 
evaporation;  the  remainder  may  be  due  in  part  to  undetected  systematic 
errors  in  the  sampling  technique,  to  overestimates  of  the  mean  wind 
speed,  and  to  errors  inherent  in  the  method  of  computing  the  mass 
transport.  At  any  rate,  there  is  no  evidence  of  any  significant  loss  of 
sulfur  dioxide  due  to  absorption  by  vegetation  or  any  other  factor.  It 
appears  likely  that  the  absolute  magnitudes  of  the  Prairie  Grass  dif¬ 
fusion  measurements  are  accurate  to  within  10  percent  and  that  the 
relative  concentrations  are  accurate  to  within  5  percent. 

Summaries  of  the  results  of  the  Prairie  Grass  diffusion  meas¬ 
urements  are  presented  in  Tables  5.1  to  5.3.  Table  5.1  summarizes 
the  source  strengths  for  the  individual  experiments  calculated  on  the 
basis  of  the  total  volumes  of  gas  released  and  the  temperature  and 
pressure  of  the  gas  as  it  passed  through  the  meter.  Ten-minute 
average  gas  concentrations  measured  at  a  height  of  1.5  m  at  five  travel 


KK  9L m  Tor  aw » *.«r*  t*-**^.*  j 


distances  are  summarized  in  Table  5.2.  The  average  concentrations 
determined  from  the  vertical  sampling  array  at  100  m  are  presented  in 
Table  5.3.  Slow- response  meteorological  data,  useful  in  converting  the 
concentrations  to  standard  values,  are  found  in  Tables  5.4  and  5.5. 


Table  5. 1.  Source  strengths  Q  expressed  in  g  sec"  1  for  individual 
Prairie  Grass  diffusion  experiments 


Run  No. 

Q(g  sec-1) 

Run  No. 

Q(gsec-1) 

Run  No. 

Q(g  sec"1) 

1 

81.5 

24 

41.2 

46 

99.7 

2 

83.9 

25 

101.4 

47 

103.1 

3 

56.3 

26 

97.6 

48S 

104.0 

4 

50.5 

27 

98.8 

48 

104.1 

5 

77.8 

28 

41.7 

49 

102.0 

6 

89.5 

29 

41.5 

50 

102.8 

7 

89.9 

30 

98.4 

51 

102.4 

8 

91.1 

31 

96.0 

52 

104.0 

9 

92.0 

32 

41.4 

53 

45.2 

10 

92.1 

33 

94.7 

54 

43.4 

11 

95.9 

34 

97.4 

55 

45.3 

12 

99.1 

35S 

41.8 

56 

45.9 

13 

61.1 

35 

38.8 

57 

101.5 

14 

49.1 

36 

40.0 

58 

40.5 

15 

95.5 

37 

40.3 

59 

40.2 

16 

93.0 

38 

45.4 

60 

38.5 

17 

56.5 

39 

40.7 

.  61 

102.1 

18 

57.6 

40 

40.5 

"  62 

102.1 

19 

101.8 

41 

39.9 

65 

44.1 

20 

101.2 

42 

56.4 

66 

43.1 

21 

50.9 

43 

98.9 

67 

45.0 

22 

48.4 

44 

100.7 

68 

42.8 

23 

40.9 

45 

100.8 

l 

* 
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Table  5.2 


Ten- minute  average  gas  concentrations  measured  during  Project 
Prairie  Grass  at  a  height  of  1.5  m  at  five  travel  distances:  50,  100, 

200,  400,  and  800  m.  Entries  are  in  units  of  mg  m"**.  Individual  sam¬ 
pling  stations  at  each  travel  distance  are  identified  in  terms  of  post 
numbers  which  are  consecutive;  Post  No.  1  is  located  due  west  of  the 
release-point  (that  is,  at  a  true  angular  bearing  of  270  degrees  from 
the  source).  A  2-degree  angular  separation  between  adjacent  stations 
was  used  at  the  four  shorter  travel  distances  and  a  1-degree  angular 
separation  was  used  at  800  m. 

Remarks 

No  data  are  presented  for  Runs  No.  63  and  64  due  to  the  presence 
of  extremely  light  and  variable  winds.  Data  for  all  other  experiments 
have  been  included.  The  measurements  obtained  under  stable  night¬ 
time  conditions  should  be  interpreted  with  care.  In  particular,  when 
the  wind  speed  at  a  height  of  2  m  is  <  2  m  sec"1,  significant  vertical 
stratification  may  occur  in  the  plume;  in  some  cases,  the  plume  axis 
is  found  below  the  height  of  the  sampling  stations  at  the  shorter  travel 
distances.  If  this  phenomenon  is  not  taken  into  account,  the  measure¬ 
ments  indicate  an  increase  in  axial  concentration  with  increasing  travel 
distance.  The  vertical  concentration  measurements  presented  in 
Table  5.3  are  useful  in  resolving  these  problems.  With  regard  to  the 
tabular  entries,  the  letter  "M"  indicates  missing  data  and  the  blank 
spaces  denote  no  measurable  concentration. 

Run  No.  4  -  Gas  released  for  9.5  minutes  only.  Concentrations  have 
been  adjusted  to  a  10-minute  release  period. 

Run  No.  25  -  Several  gnats  were  caught  in  the  capillary  tubes  used  as 
entrances  to  the  samplers.  All  concentrations  known  to 
have  been  influenced  have  been  indicated  as  missing. 

Runs  No.  30  and  31  -  Background  resistances  unusually  low  and  vari¬ 
able.  Data  believed  not  significantly  affected,  except  for 
concentrations  below  5  mg  m-3. 
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Run  No.  45  -  Concentration  at  PcJst  38  of  the  SO-m  arc  is  an  adjusted 
value. 

Run  No.  47  -  Rate  of  gas  release  during  the  first  90  seconds  of  the  run 
varied  by  perhaps  +  50  percent  of  the  average  rate  for 
the  10-minute  period. 

Run  No.  50  -  Vacuum  line  to  Sampler  62  of  the  200-m  arc  became  dis¬ 
connected  during  the  run.  All  values  measured  at  this 
arc  are  too  low. 

Run  No.  51  -  Vacuum  line  to  Sampler  56  of  the  400-m  arc  is  believed 
to  have  been  disconnected  throughout  the  run.  All  values 
for  this  arc  have  been  adjusted  to  make  allowance  for 
the  reduced  vacuum. 

Run  No.  57  -  Vacuum  line  to  Sampler  47  of  the  100-m  arc  is  believed 
to  have  become  disconnected.  All  values  measured  at 
this  arc  are  probably  too  low. 
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■MHHEHTni 


92.9  114.2 


115  113.5  11.70 


lEXEll 

o.wo 

\mm\ 

0.165 

lisa  iR«niMiiFrira^io^l 


wmmmvtwsml 

■—t  TPM 

inn  won  Mfcwioiw| 

Bora  pm  I 

■■■■■■■■■■■■10031 


ERI 


IKDII 

108  J 

18.4  I 

1.57 

Kim  EHQBBHiHSEaK^W^I 

^^■■■■■■■I'M^I 


m^umiu  iiAmY'xmthmbKiiii 

mmwtm  mmmmwmmmmi 

mimmim  hiwhwibimpmi 

FfTiyryci’ia:'Xr:'ii 

■K9  mmwmmmmwmi 

:mmim  nMni'aH'iim-ai 

mtmm  — ——— i 

KB 


V-> 


m 


DATE  3  July  1956 
TIME  1500-1510  CST 


POST  NO. 


16 


32 

17  |  33 


i  21  *11 


22 


E 
o 
i n 

100  no 

37.4 

0.030 

Table  5.2  (Continued) 
CONCENTRATION  (mg  m‘3) 


POST  NO. 


E  E 

§  § 


RUN  NO.  2 


ARC 

s 

a 

a 

E 

J 

g 

g 

S 

8 

m 

CM 

CD 

2.10 


3.20 


2.00 


1.77 


1.88  10.220 


2.87  1.04 


8.93  1.24 


irami 


irami 


innnii 


0.070 


0.155 


0.205  I  0.115 


inmiinrTTi  i 


81.5 

17.1 

2.18 

0.320 

12.6  2.32 


13.5  14.21 


10.6  3.28 


11.3  11.67 


12.6  1.12 


0,285  I  0.070 


nffTill 

rami 

rami 


0.125  0.040 


0.030 


0.100  0.090 


0.110 


0.105  0.100 


0.130 


0.075  0.135 


I  !>H<i4*i  rfiH  11*1 

i—— — we® 

I  Him  glC-i  ii  hy  i-('lgyr?) 

I— —— OTE 
lEjMBMEEIjlOIjE 

11^1— — EB»E 


31.2  I  3.43  11.13  0.120 


ilii  i  mi  i  p  ■ggrnwwfg»n*i 

lEElFMPIlAlirR 


144  145.9 


147  136.3  19.87 


romwn  TiwiiTnu 
gjj 

^BmESraSryrrii 


129 

21.8  1 

2.19 

0.065 

2C.5  3.73 


38.3  3.70 


0.315 


0,210  0^130 

0.14 


0.250 


mm 

I'JtW'l 

■B— 

■ 

1 1 W  H'll  In 

gym 

DATE  5  July  1956 
TIME  2200-2210  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m'3) 


RUN  NO.  3 


DATE  8  July  U56 
TIME  0100-0110  CST 


POST  NO. 


I  s  §  a 


ARC 

B 

o 

in 

S 

§ 

200m 

400m 

a 

o 

o 

GO 

1.37 

0.535 

0.345 

0.030 

0.005 

8 


9 


10 


6  11 


12 


13 


14 


15 


16 


9  17 


19 


20 


11  I  21 


12  23 


24 


13  25 


26 


14  27 


15 


Table  5.2<(Conttnued) 
CONCENTRATION  {mg  m'3) 


POST  NO. 


RUN  NO.  4 


ib  i  irumii  i  nii'iimi 


0.500  I  0.315  0.130  0.015 


lEgfgB^jjEgEgEIi  I 

I— I— BIMPnPT?!  I 

I— — 


ermbexeeh 

■  —i 


0.705  I  0.550  I  0.96010.005 


0.350  0.235  0.015 


10.545  I  0.4201  0.450  0.010 


1.69 


1.78  11.19 


iBFnigiminmi! 


1.77  11.19  1  0.950  1  2.23 


1.82  11.15  |  1.04  |  2.33  |0.005 


1.93  11.27  I  1.12  !  2.60  10.010 


1.93  11.38  I  1.11  I  2.83 


_1 

2.10  1.32  I  1.26 


B 

o 

a 

a 

a 

§ 

8 

8 

to 

** 

N 

iMOk'Ml 


mmmiMFKmwwmw 

— — — nnu 

liw f  n  I  r 

MU  WllWiM 
nfTBBPinri»iwrn»ih>ifHifillTFB  I 

MMTTM  I 


1.93  1.27  1.27  3.57 


ragHil 

nm 


«n-i-ir<)C'Hiil 


2.481  1.63  I  1.45 


3.091  1.88  I  1.65 


3.71 


4.53  2.42 


5.13  2.49 


g^rrmEjEECHEia 

HHH  ■■■■■■  ESEQ1 

WM  Egjgjl 

HraraBH.! 

■■■■■■  ■■EKR] 

EY¥fl  ■'  XI 


■XjgBggggllgg 


mm 


■£3S3Si2SiEi 


nrml 

mum 

MUl 

TOll 

TP| 

mm 

3CTi>j| 
»X'TM 
iJTTTII 

nm\ 

jtiii'ii 


»*IliTIF*l**Pi 
■KlBEI 


DATE  8  July  1958 
TIME  0100-0110  CST 


DATE  6  July  1956 
TIME  1400-1410'  CST 


Table  5.2  (Continued) 


RUN  NO.  5 


DATE  6  July  1956 
TIME  1400-1410  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m'3) 


RUN  NO.  5 


DATE  10  July  1956 
TIME  1400-1410  CST 


Table  5.2  (Continued) 


800m 


DATE  10  July  1956 
TIME  1400-1410  CST 


DATE  10  July  1956 
TIME  1700-1710  CST 


DATE  10  July  1956 
TIME  1700-1710  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  n.'3) 


RUN  NO.  8 


200m 


rj*  ' J  tn  WMruru ^  ».-■  r  .  ^  - .  .. 


DATE  11  July  1956 
TIME  1000-1010  CST 


POST  NO. 


fc  2  S 

|K  8  £ 

•a  <  ®  n 


107 


108 


109 


110 


111 


112 


57  I  113 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m*3) 


POST  NO. 


|  5  |  o 

J5  i  53 


RUN  NO.  9 


EIEBEXgOE)l 


ryyi?.pn  giiai 

ntiUTimh^ 

— — — — rarea 

ng  i  ii  ttei  nrai  ryn-i 


irMrnrweiiTyTTirfM 

— ■— i —urera 

I  ITI IHiMIIW  Win  I  WfigCT 


124 


125 


126 


64  I  127 


128 


65  129 


B-airaiii 


inmn 


0.375 


171  144.4  112.2  12.53  0.450 


0.470 


159  48.5  12.6  12.68 


IQHEI 


KFnrnnnjw 

n  ■"  SI 


inrm 


0.450 


102  126.0  I  6.50  11.57  10.405 


7219 


Irani* 


41.0  I  8.631  2.97  10.595  1 0.085 


0.130 


SA  _2.2&_|0J5 


26.9  J_8J.ll  2.48 


IIE1 


ICU 

im»\ 

iipn 

\mm 


irag 
i  S3 

KBI 

\mm 

IILUI 

lima 

IILM 

\mm 


EE  1  *  Ml  f'X'TVl 


12.8  4.28 


E5n5ii 


Table  5.2  (Continued) 

DATE  11  JULY  1958 

TIME  1200-  1210  CST  CONCENTRATION  (mg  m'3)  RUN  NO.  10 


DATE  14  July  1956 
TIME  0800-0810  CST 


Table  5.2  (Continued) 


RUN  NO.  11 


•Tr 


DATE  14  July  1956 
TIME  0800-0810  CST 


POST  NO. 


Table  5.*2  (Continued) 
CONCENTRATION  (mg  m*3) 


POST  NO. 


*3  S« 

%<  is 


a  a 

i  i 


IMCEM 

irnrr^i 


7.61 


1.72 


7.10  1.42 


1.02 


■IBEEM 

1 1 1 1  Ml  I  W  ■iHEMHEMHEEEl 

■OPS 


5.86  10.775  10.170 


13.8  I  1.54  0.245 


IgEHiRiJKI&jH 

'iMMHHBi 


EEa 

MtllM 

M'K'l 


S  8  B 

I B  8  a 
5  <  §  S 


70  1 1 39 


71 


IBH 
IKEE1 
IK UM 
Ida 
ma 


imm 


RUN  NO.  ii 


ARC 

1 

a 

8 

1 

s 

O 

© 

1 

in 

N 

CO 

m 


m 


5K 


:  - 

Table  6.2  (Continued) 

DATE  14  July  1956 

TIME  1000-1010  CST 

CONCENTRATION  (mg  m'3) 

RUN  NO.  12 

PWM- 

.*  »  v  »  * 


vvrv 


v 


,;w_  _ 

«\X<> 


DATE  14  July  1958 
TIME  1000-1010  CST 

POST  NO. 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m*3) 


RUN  NO.  12 


102 


DATE  22  July  1956 
TIME  2000-2010  CST 


Table  5.2  (Continued) 

CONCENTRATION  (mg  m*3) 


RUN  NO.  13 


DATE  22  July  1958 
TIME  2200-2210  CST 


Table  6.2  (Continued) 
CONCENTRATION  (mg  m*3) 


RUN  NO.14 


DATE  22  July  1956 
TIME  2200-2210  CST 


Tabid  5.2  (Continued) 
CONCENTRATION  (mg  m*3) 


RUN  NO.  14 


III? 


DATE  23  July  1956 
TIME  0800-0810  CST 


Table  8.2  (Continued) 

CDNCRNTRATTOM  Ima  m*3\ 


nttu  KtA  1  e 


800m 


DATE  23  July  1956 
TIME  0800-0810  CST 


POST  NO. 

Inner 

Arcs 

800m 

arc 

46 

91 

92 

47 

93 

94 

48 

95 

96 

49 

97 

98 

50 

99 

100 

51 

101 

102 

52 

103 

104 

53 

105 

106 

54 

107 

108 

55 

109 

110 

56 

111 

112 

57 

113 

~58 

114 

115 

1 1G 

59 

1 17  J 

Table  5.2  (Continued) 
CONCENTRATION  (mg  m“3) 
POST  NO. 


RUN  NO.  15 


E 

0 

in 

s 

0 

0 

200m 

400m 

19.7 

13.5 

29.1 

6.12 

0.165 

41.1 

4.11 

0.435 

70.1 

7.17 

0.740]0.035 

"95'.  6 

15.6 

~07530* 

0.030 

146 

21.6 

2.26 

0.110 

197 

38.6 

1  3.89 

to.  33  5 

1 - 

245 

53.3 

5.74 

0.500 

291 

75.9 

8.52 

0.930 

Arcs 

800m 

arc 

E 

0 

ID 

100m 

_ 

200m 

13651 

137] 

4.31 

2.76 

0.135 

T38IL 

1 39 _ I 

0.860 

0.200 

140JI _ 

T41J 

0.040 

J 

. 

_ 142 

_ 72  143 

_ _ _ 144 

_ 73  145 

_ H6_ 

_ 74  147 

_ 148 

0.065  75  149 

6.150  1 _  150 

0.205  76  151 

0,365 _ 152 

0.410  77  153 


75.9  114.5 _ i  1.23  0.470 


10.460  11  78  1155 


80.4  121.1  12.44  10.390 


10,360  11  79  1157 


107  21.7  3.91  0.465 


0.535  80  159 


100  120.6  14.78  10.495 


10.450  H  81  |161 


88.2  121.6  13.76  10.445 


0.415  82  1 63  S 


119  249 

120  | 

J  2_1  ~1|  222 
122 '1 

123  201 

124  1  ___ 

1 25  TT25 

126  r 

127  in 

12b 

noj  J6.T 

"1  30 

131  ^.46.2 

1  32 

133  .  34.4 

134  1 


^20i._ 


76.5  ;  19.6  |2-25 0.410 

T  I  I  01  A 


0.410  _  164 

0.310  83  165 


61.5  15.0  2.32  0.245  I  166 

1  "  I." _ i6.175]  84  16T]" 

48.0  1 2.3  2.09  10.270  |l  168  j 

__  1  _  To.245ir  85  169  I 

38.4  |  9.61  |  0. 536T0.226n[  _|  1 70l ' 

1  ]  1 0.270 If  86  17T1 

30.6  !  7.59  1 0 . 520  j  0,220  j  172 


11.9  ,  4.11  ;0.41 5 
4.95  :0. 870  JO. 070 


0. 255^[  87 

173 

0.140 

174  1 

0.045  88 

"  1l  T 

175 

170 

■1  69 

177 

!t 

1 78  ^ 

90 

179' 

11.0 

■!  91 

161  1 

•  L  •  L  •  *  ,  1  a  *  »  *  »  *>  **•-*.  ‘ 


.  ~  ..  ijl  jIa.  4. 


DATE  23  July  1956 
TIME  1000-1010  CST 


POST  NO. 

Inner 

Arcs 

800m 

arc 

, 

1 

Table  5. 2  (Continued) 
CONCENTRATION  (me  m‘3) 


RUN  NO.16 


Best  Available  Copy 


Inner 


SiV.,!rS.7at%IVrV.  **  >  VI  «?WV iW  WiSVi  t  -  •  tv  tv '  4’ V  ^>;  fcV  tv  4'  »t<  t  <#:  w.fJf  ? 


DATE  23  July  1956 
TIME  1000-1010  CST 

POST  NO. 


"i  S  „ 

|  SS  I 

<  oo  «  m 

46  91  165 

_ _ 92 _ 

47  93  143 

_ 94 _ 

48  95  155 

_ 96 _ 

49  97  121 

_ 98 _ 

50  99  118 

100 _ 

51  101  116 

102 _ 

52  103  103 

_ 104 _ 

53  105  93.9 

_ m _ 

54  107  82.1 

_ 108 _ 

55  109  80.9 

110 _ 

56  111  81.3 

_ U_2 _ 

57  113  71.7 

114 _ 

58  115  61.2 

116 _ 

59  117  84.3 

118 _ 

60  119  99,0 

120 _ 

61  121  [87.0 

122  _ 

62  123  ||  74.7 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m*3) 
1  POST  NO. 


RUN  NO.  16 


200m 

_ 

S 

8 

e 

S 

co 

Inner 

5,H 

(L075 

0.015 

0.030 

69 

6,3? 

0.625 

0.030 

0.040 

70 

6.39 

0.345 

0.045 

0.045 

71 

5.16 

0.34Q 

0.045 

0,035 

72 

3.6? 

0.190 

0.030 

0.015 

73 

2.51 

(U50 

0.025 

0.015 

74 

1,96 

0.245 

0.045 

0.050 

75 

1.27 

0.190 

0.04  5_ 

0.030 

76 

0.635 

QJUi 

0,040 

0,040 

77 

1,04 

0.235 

0.045 

0.080 

78 

1,66 

0.190 

0.070 

0.075 

79 

1.32 

0.585 

0.040 

f0.055 

80 

800m 

arc 

1 

m 

100m 

200ro 

136 

1 

137 

3.08 

Q.liQ 

0.015 

138 

1  ! 

139 

1.33 

0.035 

128 


65  129 


130 


66  131 


24.9  4.03  0.955  0.045 

_ _ _ 0.030 

22.5  4.40  0.625 _ 

" ~23.1  4.42  07695~ 


15.9  I  350 


10.8  I  2.49 


160 

81  161 
162 

82  163. 
_ 164 

83  165 
_ 166 

84  167 


8.49 

0.865 

_3.08 

0.475 

j .28  ' 

0.240 

0,930 

0.025. 

m 

7%\i  > 

rviv. : 


DATE  23  July  1950 
TIME  2200-2210  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m*3) 


RUN  NO.  18 


DATE  23  July  1956 
TIME  2200  -2210  CST 

POST  NO.  II 


Table  6.2  (Continued) 
CONCENTRATION  (mft  m 
1  TOST  NO. 


Inner 

Arcs 


DATE  25  July  1956 
TIME  1100-1110  CST 


Table  5.2  (Continued) 


RUN  NO.  19 


CONCENTRATION  (mg  rrf3) 


m 


DATE  25  July  1856 
TIME  1100- 1110  CST 


DATE  25  July  1956 
TIME  1300-1310  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m'3) 


RUN  NO.  20 


DATE  25  July  1956 
TIME  1300  -  1310  CST 


_  _132 
67  “  133 


_ 134_ 

C8  135 


89  _ 1 

178 

90  '  179" 

180 

91  "  181" 


f.  < . 


v- 

■.*  •  *■  *  M 


'•V*.V 

v.V.V 

V.v.v 


Table  S.2  (Continued) 


DATE  25  July  1956 

TIME  2200  -2210  CST  CONCENTRATION  (mg  m‘3)  RUN  NO.21 


20 


DATE  29  July  1956 
TIME  2100-2110  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m“3) 


POST  NO. 


RUN  N0.23 


5  <  |  co  rt 


1 


5  9 


10 


6  11 


19  110.060 


20 


21  110.670 


23  I  3.42 


24 


25  9.87  11.18 


26 


27  33.6  5.04  0.120 


69.6 

15.6 

1.66 

0.050 

43.7  13.7 


145  52.8  18.1 


170  161.7  19.5 


38 


39  176 


44 


23  45 


ARC 

a 

a 

a 

a 

1 

8 

8 

8 

8 

m 

p4 

N 

00 

31  1195.0  32.9  7.95  I  0.74010.035 


0.165  !i  39 


1.51  10.260 


0,595  II  40 


4.81  I  1.24 


1.87 


6.36  I  2,09 


16.8  !  3.94  I  1.34 


1.15 


40.4  110.6  I  2.71  10.875 


0.485 


43  947  123.7  |  5.82  |  1.77  1 0.345 


0.125 


24.5 


16.4  3.84 


7.53  1.42 


■BBSS  BOTE 
I— — 
MM 

IE 


IEEISI 


41 


42  !  03 


;.v,v: 


Uh,*V. 

IVV(J 

»‘lvy 

-.»  *  *  *- 

lip 


DATE  29  July  1956 
TIME  2300-2310  CST 


Table  6.2  (Continued) 
CONCENTRATION  ung  m*3) 


RUN  N0.24 


POST  NO. 

Inner 

Arcs 

800m 

arc 

a  a 

§  S 


POST  NO. 


a  0 

i  8 

(A  H 


IEEEUI 


itami 


— — nrrnl 

tULMUtMIHTW  I'*  K'l I-tfVM  I 


jngMrjjMgrflHjfTgijiTg 

(■■■■■■■■■■■■iiiprnii 

1  uwm  uaji  1'iiWi  t'X'ii'j 

■■——inn 

QiiffiiiHfHiBfEiRprn 

■■— — — inren 

lll'l 

^ ARB 

[TOE— joHiniMliElii&HlIl 
— ILKHJI 

•  -•  SOK— 

I— 

SBl»M3 
■filiitl 
I  EMEU 

1 1  EETM  *».■  HWM  I  OTTfrl  iftEU  | 

|SSBSB!m3 


44  87 


45 


|  1SS2.I3EMSI 
ESSB9 


186  127.2  12.86 


DATE  1  August  1958 

Table  5.2  (Continued) 

i 

1 

u 

TIME  1300  -  1310  CST 

CONCENTRATION  (mg  m"3) 

RUN  NO.  25 

* 

POST  NO. 


POST  NO. 


m 


1  z  g  a 

5  <  §  m 


01 


II  is 


a  S 

i  8 

in  h 


111 


112 


07  113 


U1KLI 


lie 


no 


120 


01  I  121 


124 


63  125 


120 


64  127 


66 


67 


68  135 


14.8  I  1.15  10.425 


1— liffiliJl 

wm  iith  f*x  'I’VB  | 

g™jtnilTgPgiara>ia 
KiftiilLIIU  Lilia  Lam 
MMiaataaiEKtus^M 

HuinaiiiQuOra 


■rrarTiat'EU 


18,0  13.11  0.685 


mSSmSm 


74.7  11.9  0.735  10.715  0.045 


1.11 


gUKII 

gSEBESunji 

EE3* 


80.7  I  17.3  I  3.92 


IfcliHil 


imm\ 

lEEjfl 

ieeh 

ieeh 

inn 

i  Em 

iim| 

I  Hil 

ifm 

inn 

inui 

I  KBS 

inn 


— on 

■im 


79  1157 


158 


MAMuammn 

BEtil 


8.19  I  18.51  0.5151  0.155 


inmnrirrni 


BBS! 


inn 

iicn 


I  EUl 


8G  1171 


87 


. "  •  *  .* 

w.v:/ 


DATE  2  August  1950 
TIME  1200-1210  CST 


Tablo  S.2  (Continued) 
CONCENTRATION  (mg  m'3) 


POST  NO. 


6  »  a 

11  8  * 


RUN  NO.  26 


ARC 

50m 

100m 

200m 

800m 

ini 


in 


VKxm 


BiJfl 


99,1  117.1 


80 


41  81 


82 


42  83 


1  MB 

mmmi 
■kjBI  . 

tl  111  1 1  Ml  W  I  BI'W  I'l  II 


[^JlflUEWKI-MPKiFnl 

1—i  mmm  a 

jggMFTggrgTgrojFgTgl 

— iiM—i rym| 
\mwnmv*Tmmn\ 

■iwrinrml 

■— IGKSJl 


DATE  2  August  1956 

Table  5.2  (Continued) 

TIME  1200-1210  CST 

l  IT  —  — 

CONCENTRATION  {mg  m*3) 

RUN  NO.  26 

POST  NO. 


im 


a  a  a 

§  §  i 


—I——— ram 

titi  y  ri  ii  iiiiMiiW  fM 

I  ft™  ram 

IHM  mm  1 VJF1  F14  ■  Ml-Til 

■■■■■■■^■■■1  rarri 

mmrrn*vxmnKmrmm 


107 


108 


55  109 


110 


111 


112 


57  113 


62  123 


124 


63 


128 


65  120 


G7  I  133 


134 

135 


47.1  I  11.8 


IHU-H 


IP  MH I  BBMfm.frin.5i 

Bnrm 

:;«3t»R:}.-sHratTi!il 

■■■ra Fa 


121  33.6  6.92  1.23  10.310 


0.370 


96.8  125.8  I  5.68  1.47  0.355 


— ■— ■— — nrm 
— — — ■M 


0.150 


34.7  I  7.131  2.57  0.745  0.085 


1.22  0.240 


ICEE9 


11.8  I  5.151  1.5610.235 


7.17  I  3.39|  1.2910.19 


0.910  -0.590 


-0.1901 0.245 


POST  NO. 


it  I* 

J<  .  s 


IIE1 

pi 

imt 

itm; 

I  Bill 


IBM 
il!S» 
i  mi 
I  REM 
I  ECU 


mmm 
mmm 
■oia 


inn 


DATE  2  August  1656 
TIME  1400-1410  CST 


DATE  2  August  1956 
TIME  1400-1410  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m"3) 


DATE  3  August  1956 
TIME  0000-0010  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m'3) 


RUN  N0.28 


•  ■ 

VL':. 

DATE  3  August  1956 

TIME  0000-0010  CST 

Table  5.2  (Continued) 

CONCENTRATION  (mg  tn-3) 

k 

RUN  NO.  28 

Aa> 

V'.'.-f. 

Inner 

Arcs 


DATE  3  AUGUST  1958 
TIME  0200-0210  CST 


Table  5.8  (Continued) 
CONCENTRATION  (mg  m*3) 


RUN  NO.  29 


POST  NO. 

ARC 

Inner 

Area 

800m 

arc 

50m 

w4 

200m 

400m 

800m 

B— 1— j— gWTjgl 
■T7HKIR:||  nmPlIilfl 


I— — gyiTil 

H'll'l  I 

l*i  va  Ml  tU  frXii-ll  ■ 


DATE  3  August  1956 
TIME  1300-1310  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m 


DATE  3  AUGUST  1956 


Table  5.2  (Continued) 


>£*> 


a  '  ■.* 


DATE  6  August  1956 
TIME  2000  -  2010  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m‘3) 


RUN  NO.  32 


Inner 


Table  5.2  (Continued) 


DATE  7  August  1958 
TIME  1300  -  1310  CST 


CONCENTRATION  (mg  m*3) 


RUN  N0.33 


OATS  7  August 1956 
TIME  2303-2313  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m'3) 


RUN  NO.  36-8 


DATE  11  Augu8tl056 
TIME  2130-2140  CST 


Table  5,2  (Continued) 
CONCENTRATION  (mg  m‘3) 


RUN  NO,  3  5 


RUN  NO.  36 


LWW-M-V 


|I  -J  4  >>.  1  . 


DATE  12  August  1956 
TIME  0300-0310  CST 


Table  S.2  (Continued) 
CONCENTRATION  (mg  m"3) 


POST  NO. 


RUN  NO.37 


ARC 

a 

a 

a 

J 

S 

8 

g 

m 

CNJ 

* 

fjfttfcll 

BaaiBBsi[flaiai!Eiit:i 


3.09 


11.8  I  1.53 


44  87 


88 


53.0  17.6 


99.3  37.1  10.3 


reMgin:M»:iaaa| 

HHH 

■UdGKIll 


m 


i» 


145 


DATE  12  August  1956 
TIME  0300-0310  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m*3) 


RUN  NO.  37 


POST  NO. 

ARC 

POST  NO. 

ARC 

Inner 

Arcs 

800m 

arc 

50m 

100m 

200m 

_ 

400m 

1 

Inner 

Arcs 

600m 

arc 

1 

m 

100ro 

200m 

B 

8 

■*r 

800m 

mm 

91 

173 

55.8 

16.4 

5.54 

1.94 

1 

136  J 

92 

mm 

CIFI^H 

im 

in 

93 

VFZM 

rrw 

im 

mm 

mm 

mm 

r~: 

94 

1.44 

_  70 

mm 

mm 

95 

224 

mm 

18.9 

5.40 

1.34 

mm 

S3 

Mi 

96 

1.46 

71 

mi 

49 

97 

224 

mm 

111'! 

■EMI 

mm 

mi 

98 

mm 

wpy 

72 

am 

■•uli 

99 

M 

ran 

irn 

mm 

nos 

on 

■B 

100 

0.975 

73 

ig« 

mm 

dill 

Kirn 

2.03 

0.480 

146  J 

102 

Mai 

<L150_ 

74 

am 

52 

103 

68.9 

15.5 

3.31 

0.520 

ma 

EES 

104 

75 

am 

E9 

105 

ram 

■•ni'ic 

iHil 

■X<IS 

1  z 

76 

mm 

54 

107 

rn 

1.56 

_  0.085 

IBl 

108 

mm 

77 

mm 

§Hga 

mat 

109 

!  7.86 

0.490 

.  . 

IBl 

■  i 

r 

no 

1 

78 

1155  J 

■VBH 

— 

Him 

warn 

111 

1  3.53 

0.130 

_  _ 

mm 

■  ■ 

i  ■ 

mm 

i 

■ 

112 

79 

m 

HHB 

SB 

■ 

57 

113 

■ESI 

0.055 

■ 

158 

114 

80 

159 

mm 

mat 

mm 

0.055 

100 

Ml 

116 

81 

am 

59 

117 

0.020 

mm 

AM 

118 

82 

n*i 

mm 

119 

164 

120 

63 

ires  I 

121 

tlC6 

122 

84 

im 

62 

IBB 

1 

1C8 

H5 

85 

I10& 

\M$M 

125 

_ 

Ifftl 

Bn 

126 

■n 

mm 

mm 

■Ml 

warn 

86 

171 

■ 

■  ■ 

G4 

127 

_ 

rz 

_ 

i 

172 

■ 

B 

B 

IM 

1 28 

H 

!■ 

■m 

mm 

87 

mm 

n 

■  ■ 

■ 

C5 

129 

r 

! 

174 

B 

wmm 

1  30 

wmm 

M 

■  7  ; 

IMM 

H  H 

HU* 

66 

1  31 

| 

KBOI 

— 

wmm 

m 

■ 

1  32 

i 

_ 

89 

mm 

mm 

mm 

■ 

mm 

67 

1  33 

■ 

IM 

178 

•wm 

■ 

iBk 

\mm 

mm 

n 

\mmm 

90 

*77  in 

! 

E5 

mm 

■ 

L 

nisi 

mm 

■ 

i  i 

j _ i _ 

mm 

|  mi 

_ i _ 

_ 

DATE  12  August  1956 
TIME  0600-0510  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m*3) 


RUN  N0.38 


DATE  13  August  1956 
TIME  2230-2240  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m*3) 


RUN  NO.  39 


800m 


DATE  14  Augustl956. 
TIME  0030-0040  CST 


Table  6.2  (Continued) 
CONCENTRATION  (mg  m‘3) 


RUN  NO.  40 


Table  6.S  (Continued) 


F 


DATE  14  AUGUST  1956 
TIME  0300  -  0310  CST 


.CONCENTRATION  (mg  m’3) 


RUN  NO.  41 


DATE  14  AUGUST  1956 
TIME  0500- 0510  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m*3) 


RUN  NO.  42 


DATE  15  August  1956 
TIME  1200-1210  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m'3) 


RUN  NO.  43 


DATE  15  August  1958 
TIME  1200-1210  CST 


POST  NO. 


Table  5.2  (< 
CONCENTRA1 


800m 

arc 

a 

o 

m 

100  m 

200m 

400m 

91 

135 

1  30.9 

6.81 

1.36 

l'*WM 

IHE31 


wzKzmmm 
■—iSi 

I— 

I  Iffil  h  1 E  Jt  EX'K'I  I 


81.8  I  23.6  I  4.99 


06.0 


_ 

102 

ms 

103 

[  i 

104 

K9H9 

BBBEl! 

rasai 


IKXIE1I 


128 

120 


ia&iv- 


Table  S.2  (Continued) 

DATE  IS  August  1956 

TIME  1400-1410  CST  CONCENTRATION  (mg  m‘3)  RUN  NO  44 


DATE  15  August  1956 


Table  $.2  (Continued) 


7 


fry's: .-', *r".r.T  \-r  w ,r».v>  .Tirvi^y  ^v-.v •  »-.,-_»  v  . . 


Table  5.2  (Continued) 


w-^.m  wjtm  kaka.i 


DATE  20  AUGUST  1958 
TIME  1000  -  1010  CST 


CONCENTRATION  (mg  m'3) 


RUN  NO.  4? 


POST  NO. 

ARC 

POST  NO. 

ARC 

Inner 

Arcs 

800m 

arc 

1 

in 

100  m 

200m 

400m 

I 

Inner 

Arcs 

800m 

arc 

50m 

100m 

200m 

6 

8 

*r 

| 

91 


92 


03 


94 


95 


96 


49  I  97 


102 


52  I  103 


104 


105 


106 


54  I  107 


108 


55  109 


110 


111 


112 


57  113 


0.0M 


9.56  1.20  I  0.04 


19.7  I  6.32  I  0.625 


33.5  I  4.92  I  0.735  0.155 


mm 

imm 

iKEm 


I  Kill 

ikm 

i  mi 
i  Km 
mm 
iKm 


II- 

24  ! 

42.8 

7.33 

83  165 


166 


170 


86  1171 


179 

iso 


91  181 


7.22  1.29 


lEEamcaasiaigsal 

i— i— mm 

1— rrm 

I  H'TI  TCTT1 M 

ii—Effla 
iKCDJCHinnq 
i— — Bga 

lEtaaKEiiyGia 

K'Ea 

iW—M 

lEMtHBJCMimMRiFI 


IrpFTTHTjll 
■SOr  <M  ■ 


IKSI 


m 

78 

47.4 

7.70 

IE 

92 

141.6  I 

1  8.33 

0.165 


0.175 


0.125 


1.36  10.110 


0.145 


i—nna 

wmmm&m 


»CTtga 

irfeSj 

imm 

iimi 


2,46. 


4.43  I  1.32 


DATE  20  August  1956 
TIME  1233-1243  CST 


DATE  21  AUGUST  1956 
TIME  0900-0910  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m*3) 


POST  NO. 


RUN  NO.  48 


ARC 

a 

1 

I 

1 

1 

s 

H 

N 

§ 

m 


Table  5.2  (Continued) 


v  Jr.  J.1  1 


v«v 


DATE  21  AUGUST  1956 
TIME  1100- 1410  CST 


CONCENTRATION  (mg  m'3) 


POST  NO. 


RUN  NO.  60 


ARC 

& 

o 

8 

3 

s 

a 

8 

8 

8 

8 

CJ 

CO 

iBiMEraaEaiEcaiEEjai 


0.350 


73.1  I  20.0  13.45  I  1.04  10.300 


■BBSEKEal 

lEK&HDBEQBgll 


DATE  21  AUGUST  1958 
TIME  1530-  1540  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m'3) 


RUN  NO.  51 


POST  NO. 

ARC 

POST  NO. 

ARC 

Inner 

Arcs 

E 

e 

Q 

S 

a 

a 

I  2 

1  h 

a 

a 

a 

a 

a 

8  tJ 

8 

g 

8 

8 

8  a 

j 

8 

8 

8 

s 

CD  M 

40 

m 4 

€0 

A  < 

oo  rt 

in 

H 

CM 

3 

rrnai 


55  109 


110 


58  115 


110 


120 


121 


122 


62  123 


0.110 


1.74 


11.7  13.54 


17,0  T 4.01"  ro,  156 


1.W  1.14 

1m'. 


IFM 

am 


69 


70 


71 


72 


73 


74 


75  1149 


108 


85  1100 


80.6  25.5 


innai:>jpFSBO<g| 


14.8 


71.6  14.2 


0.135 


30.8  14.70  |  0.76010.230 


— 1— 

■■■■■■■■■  cxEi] 

M  bn 

fmui 

CX ta 


99.3  I  17.1 


150  I  27.3 


0.860 


1.21  0.155 


1.80 


fnETTill 

teal 

— — IehhI 


227  68.7  12.7  3.12 


mm 

nuPfnnRn 


219  I  70,2 


EEilJEm 
—I  W14 
WTEluiwi 
I  -  'A  II  I 

r^TBumrTTTi 


34.1  8.40  1.53 


75.3  I  23,3 


ie  *  •  »  * 

: : 

m 


DATE  24  August  1956 

Table  5.2  (Continued) 

I 

TIME  1117-1127  CST 

CONCENTRATION  (mg  m-3) 

RUN  NO.  52 

ARC 

POST  NO. 

ARC 

a 

a 

a 

a 

Inner 

Arcs 

a 

1 

a 

a 

a 

a 

© 

o 

8 

8 

© 

© 

8  Si 

8 

8 

8 

8 

** 

ex 

CO 

eo  a 

in 

*-* 

ex 

•V 

TO 

5.24  I  0.135 


12.7 


lEKTHI 


12.2  1.25 


12.0  1.59 


1.90 


1.28 


9.78  1  1.63 


11.7  I  1.88  0.055  0.030 


1.56 


IKXgll 


7.10  1.68  0.150 


9.93  1.26  0.360 


■  '  •'  •  ■  ' 


nrr?i 


I FFHI  I'Xfl']  WFIK  WJlB 

wmm  t'X'^n 

IMEOTfflfiH-l 

Trail 
Il'H  I 


29.6  0.700 


IBMI 


IHKHDI 


3,71 


19.8  j  4.69  i  0.80010.010 


4.81  I  1.05 


■'JCIXI'X'IH 


21.3  I  5.98 


grwMnjfflgwjHiggnjiCTgrgi 

mrrapMii 


MKDDIBCTEBtEPffgl 

■■— wmmmmvttn 

HHHHN 

rrrggggi  ^Mry^nT'TT'i 

Bii— — im 

■■— ■— nrc?i 

taiB.l'HlJU'BBil.Jl'1— B 


— ■■wi—riinyCTl 

mmwmmmmmmmm 


110  8.84 


gEjJgjgl 


Mmmwsm 

cn»w:fli 


ri  *■■*}!  I 

SSSlpfrffli 

afeMiKjm-Ji 

nmEm 


w*m 

BH! 


m 


ki/fS' 


Table  5. 2 1 Continued) 


DATE  24  August  1956 

TIME  2000-2010  CST  CONCENTRATION  (mg  m'3)  RUN  NO.  63 


DATE  24  August  1956 
TIME  2200-2210  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m'3) 


RUN  NO.  54 


k  JLaryiT-Jk.  r-gJJL— 1 -ZW-l^-Cn. sctct;  j?sLs-i^ir*»'a  T-i .»  j  w. 


DATE  25  August  1956 
TIME  0100-0110  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m‘3) 


RUN  N0.55 


DATE  25  August  1956 
TIME  1930-1940  CST 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m*3) 


RUN  NO.  58 


POST  NO. 

ARC 

POST  NO. 

ARC 

Inner 

Arcs 

S 

E 

8 

a 

a 

a 

a 

to 

a 

a 

a 

E 

a 

o  o 
o  u 
co  n 

8 

*-<* 

1 

8 

O 

s 

W  (J 

m 

1 

8 

H 

8 

M 

8 

8 

00 

DATE  25  August  1256 
TIME  2230-2240  CST 


Table  5.2  (Continued) 


DATE  26  August  1956 
TIME  0030-0040  CST 


Table  5.2  (Continued) 


HUN  NO.  60 


180 


Best  Available  Copy 


Table  5.2  (Contlnuod) 

DATE  26  August  1956 

RUN  NO.  60 
- - - 1 

TIME  0030  -  0040  CST 

CONCENTRATION  {mg  m  J) 

. . ii -  ii 

POST  NO. 


m  e 

«  3  o  U 

S  *  5  h 

5  <  §  tt 


47  I  93 


94 


48  I  95 


96 


49  97 


98 


50  99 


100 


51  101 


102 


52  103 


104 


53  105 


106 


54  107 


108 


55  109 


110 


111 


112 


57  113 


114 


58  I  115 


59 


GO  119 


1  28 


121) 


1  20 


66  I  2 1 
122 
07  122 


a  a  6  a 

8  8  8  1 

«  >r  «o 


■ESEEkSE! 


0.210 


0.870 


4.07 


22.5 


65.0 


130 


237 


302 


281 


0.480 


0.375  0.070 


0.470  I  0.120 


1.73  0.275 


8.12  I  0.79510.030 


33.2  I  6.40  0.540 


83.1  26.4  5.18  0.545 


118  43.6  15.1  4.15 


6.07 


114 


3.4 

13.3 

27,2  2.98  10.270  10.050 


0.330 


1.76 


0.220 


0.140 


0.415 


0.0G0 


0.045“ 


POST  NO. 


8  g  8  c 
A  <  oo  c 


136 


69  137 


138 


70  139 


140 


71  1141 


142 


72  143 


144 


73  145 


146 


74  147 


148 


75  1149 


77  1153 


154 


78 


79  157 


158 


80  159 


1  GO 


81  IG1 


1G2 


02 


83  1G5 


1G8 


1G9 


170 


OG  |171 


172 


87  173 


17-1 


175 


1 70 


09  177 


ARC 

a 

a 

a 

a 

J 

8 

8 

8 

8 

w 

H 

N 

CO 

181 


Best  Available  Copy 


DATE  27  August  1956 
TIME  1100-1110  CST 

POST  NO. 


Table  5.2  (Continued) 


RUN  NO.61 


CONCENTRATION  (mg  m'3) 


182 


Best  Available  Copy 


] 


DATE  27  Augustl956 
TIME  1100-1110  QST 


POST  NO. 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m*3) 


RUN  NO.  61 


0.030 


.080 


21.8 


0.265 


25,4  I  7.13  I  1.89  10.390 


0.9G5 


0.345 


133  135.3  I  12.2  3.39  0.685 


0.G15 


201  141.3  I  12.4  I  3.05  10.595 


POST  NO. 

ARC 

a 

a 

U  M 

a 

a 

a 

a 

g 

g 

§  i 

<§  u 

©  u 

j 

S 

S 

g 

g 

* 

00 

oo 

** 

CQ 

CO 

16.1  1  3.C5  0.775 


128 _ J59J5.  _9.83_ 

106  30^0  9.23  i 


J15.4  29.4  8.42  2.09  : 0.230 

j  0.185 

123  I)  71.1  19.5  7.39  l.ll  0.180 


59.0  16.7  4.93 

4  2^.5 _ 13.3_  4.83 

40.2  ^  if  f  ,  4.26 

35.6  8.87  2,66 

20.1  6.08  1.50 

I 

|  i 

21.3  4.67  I  1.29 


22.7  I  5.37  11.37 


17.1 


12.3  I  4.05 


8.09  0.865 


V*  '.'■in  ,T«. ."S'  i,-<  ->  ^  V 


DATE  27  AUGUST  1950 
TIME  1400- 1410  CST 


POST  NO. 


Table  5.2  (Continued) 
CONCENTRATION  (mg  m-3) 


POST  NO. 


RUN  NO.  62 


ARC 

s 

© 

s 

— 

a 

a 

a 

S 

8 

8 

o 

© 

in 

rN 

C« 

GO 

0.06b 


1.03 


3.68 


16.4 


— — 

- - 

3.245 

0.015 

121 

0.050 

"0.585 

1.45 

Q.040_| 
0.075  |i 

3  9  3_ 

3.78 

10:2 

0.185  j 
0.330  1 

0.220  j 
0.210 
0.210 
0.430 
0.645 

21.5 

3.71 

0.745 

1.0C 

32.9 

7.33 

1.45 

1.50 

33.8 

8.08 

1.93 

1.46 

31.4 

7.63 

1.72 

1.44 

25.5 

7.94 

1.27 

0.835 

16.0 

_ 7.66 

0.  GO  5 

0.350  ' 

9.79 

1.75 

0.190 

0.125 

5.82 

0.745  0.075  ! 

0.075 

2.92 

0.320 

0.095  1 

0.085  • 

1.79 

0.050,0.075 

0.090  j 

■It  in 

0.090  , 

incrai 


186 


Best  Available  Cop'; 


r,  v-y  <nVjK^nnwv^rJA. 


’*  V  W  V  V  VV  : 


■  r&.rjL  ; 


wv*/ 


r-Tr-  i^-«r^wv 


DATE  29  Augustl 956 


Table  S.2  (Continued) 


DATE  30  August  1956 
TIME  0230-0240  CST 


Table  5.$  (Continued) 


CONCENTRATION  (mg  m‘J) 


RUN  NO.  68 


192 


Best  Available  Copy 


400m 


Table  5.3 


Ten -minute  average  gas  concentrations  measured  along  the  vertical 
during  Project  Prairie  Grass;  entries  are  in  units  of  mg  m-3 .  Samplers 
were  located  at  nine  levels  on  each  of  six  towers  positioned  along  the 
100 -m  arc  of  the  horizontal  sampling  network.  Individual  towers  were 
located  equidistant  between  the  pairs  of  fence  posts  listed  below: 


TOWER  NO. 

1 

2 

3 

4 

5 

6 


POST  NOS. 

28-29 

35-36 

42-43 

49-50 

56-57 

63-64 


Remarks 

The  vertical  sampling  network  was  first  placed  in  operation  during 
Run  No.  13  on  22  July  1956.  No  data  are  available  for  Runs  No.  23,  28, 
35,  53,  63,  and  64.  All  towers  were  outside  the  time-mean  plume  during 
Runs  No.  23,  35,  and  53.  The  letter  ”M"  indicates  missing  data,  and 
blank  spaces  in  the  table  signify  no  measurable  concentration.  The  value 
of  the  concentration  at  the  0.5-m  level  on  Tower  No.  4  for  Run  No.  13 
was  estimated. 
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Tower 

No. 


1 


Table  5.3  (Continued) 
CONCENTRATION  (mg  m-3) 


Run  No, 


17 


20  21 


’W, 


(»!'Av: 


5.40 

0. 385 

7.11 

0.975 

14.2 

3.26 

iBSEna 


2200*  I  2,67 


0.0B5 

8.87 

0.580 

6.57 

0.175 

6.56 

mmm 

0.300 

18.9 

■rctiKm 

mTm-imnm 

0.235 

29.0 

0.400 

29.0 

2.84 

13.6 

r  4.16 

16.5 

7.46 

■n-M 

BuB 

7.29 

9.24 

22.8 

11.3 

23.4 

HUi 

23.1 

10.8 

23.7 

10.8 

23.6 

HOTi 

■n-n 

118 

26,1  I  42.0 


41.4  I  39.9  i  70.fi 


M  I  45.6 


54.2  l  46  5  i  90.5 


47.7 


3.59  H 

0.720  | 

7.52 

41.0 

1  25  i 

10.7 

a* 


•*.**./, 

v.v.v. 


Table  5.3  (Continued) 
CONCENTRATION  (mg  m-3) 


Table  5.3  (Continued) 
CONCENTRATION  (mg  m*3) 


Table  5.3  (Continued) 

C ON C n N'THATION  (mg  m*3) 


Table  5.3  (Continued) 
CONCENTRATION  (mg  m-3) 


/  / 


Table  5.4.  Correction  factors  by  which  concentration  data  presented  in 
Tables  5.2  and  5.3  should  be  multiplied  to  compensate  for  evaporational 
loss  of  impinger  solution  during  aspiration.  Tower  data  corrections  are 
the  same  as  those  for  the  100-m  arc.  Blank  spaces  signify  missing  data. 

ARC  (m) 

RUN  NO.  50  100  200  400  800 


Table  5.4  (Continued) 


RUN  NO. 


50 


100 


ARC  (m) 
200 


CHAPTER  6 

SLOW -RESPONSE  METEOROLOGICAL  OBSERVATIONS  DURING 

PROJECT  PRAIRIE  GRASS 


H.  E.  Cramer,  F.  A.  Record,  and  H.  C.  Vaughan 
Massachusetts  Institute  of  Technology 


6. 1  Introduction 

During  the  Project  Prairie  Grass  diffusion  experiments,  mean 
wind  speed  and  fluctuations  in  azimuth  wind  direction  were  measured  at 
a  height  of  2  m  above  the  ground  at  two  locations.  Closely-matched  cup 
anemometers  of  conventional  design  were  used  to  obtain  wind  speed  data; 
fluctuations  in  wind  direction  were  measured  by  means  of  airfoil-lype 
vanes  (subsequently  replaced  by  flat-plate  vanes).  One  pair  of  these  in¬ 
struments  was  installed  along  the  base  line  of  the  sulfur-dioxide  sam¬ 
pling  network;  the  cup  anemometer  was  mounted  on  a  wood  post  set  in 
the  ground  at  a  point  25  m  directly  west  of  the  release-point  for  the 
tracer;  the  azimuth  vane  and  recorder  were  similarly  located  directly 
east  of  the  release- point.  The  second  pair  of  instruments  was  located 
about  450  m  north  (downwind)  of  the  release-point  and  approximately 
30  m  directly  west  of  the  center  line  of  the  horizontal  sampling  network; 
the  lateral  separation  between  the  two  posts  supporting  the  instruments 
was  about  10  meters.  The  recorder  was  mounted  on  a  panel,  located  on 
the  center  line  of  the  sampling  network  at  450  m,  with  the  manual 
switches  for  operating  the  vacuum-pump  motors.  The  cup  anemometer 
and  azimuth  vane  assemblies  are  shown  in  Figures  6.1  and  6.2.  The 
azimuth  vane  and  recorder  installed  along  the  base  line  of  the  sampling 
network  appear  in  Figure  6.3.  Detailed  descriptions  of  the  instrumen¬ 
tation  and  the  treatment  of  the  observations  are  presented  in  the  re¬ 
maining  sections. 

6. 2  Description  of  Instrumentation 

The  cup  anemometers  are  almost  identical  with  those  used  pre¬ 
viously  in  the  Great  Plains  Turbulence  Field  Program.*  The  cup 
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wheels,  manufactured  by  the  Electric  Speed  Indicator  Company,  are 
11.3  inches  in  diameter  and  weigh  370  grams.  Individual  cups  are 
conically  shaped  and  have  beaded  edges.  The  anemometer  cases, 
manufactured  by  the  H.  J.  Green  Company,  were  modified  by  substi¬ 
tuting  powdered  bronze  bearings  for  the  steel  bearings  and  lightweight 
electrical  contacts  for  the  original  contact  assemblies.  The  two 
anemometers  used  during  the  Prairie  Grass  diffusion  experiments 
were  selected  from  a  total  of  eleven  similar  instruments  on  the  basis 
of  extensive  field-matching  tests.  Results  of  these  tests  indicated  an 
average  difference  in  calibration  of  about  0.25  percent,  over  a  wide 
range  of  mean  wind  speeds,  between  the  two  instruments.  After  the 
first  twenty  experiments,  the  two  anemometers  were  interchanged. 
Passage  of  each  1/60- mile  of  ^ir  was  recorded  on  Esterline- Angus 
chart  rolls  (Type  4310E)  by  means  of  chronograph  pens  activated  by 
electrical  contacts  in  the  bases  of  the  anemometers.  The  relationship 
between  mean  wind  speed  V  in  m  sec'*  and  the  average  number  of 
contacts  per  minute  N  is  given  by 

V  =  0.533  +  0.507  N. 

The  wind  direction  instruments  comprised  airfoil-type  vanes 
(later  replaced  by  flat-plate  types)  rigidly  connected  to  360-degree 
potentiometers.  The  latter,  purchased  from  the  Technology  Instrument 
Company  (Type  ST- 20),  were  center- tapped  and  had  an  internal  re¬ 
sistance  of  5000  ohms.  Data  were  recorded  on  portable  Esterline- Angus 
center- zero  milliammeters.  Chart  speed  was  set  at  12  inches  per 
minute  and  full-scale  deflection  represented  an  azimuth  range  of  200 
degrees.  The  vanes  were  oriented  so  that  the  center  of  the  recorder 
chart-rolls  corresponded  to  a  true  wind  direction  of  180  degrees,  the 
orientation  of  the  center  line  of  the  sulfur-dioxide  sampling  network. 
Exact  correspondence  proved  very  difficult  to  achieve.  Despite  care¬ 
ful  adjustments,  subsequent  data  analysis  indicates  that  the  450  m  vane 
tended  to  read  approximately  8  degrees  too  high;  the  absolute  orienta¬ 
tion  of  the  base-line  vane  appears  to  be  approximately  correct. 
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Accessory  electrical  components  included  a  Raytheon  voltage- regulator 
transformer  (Type  VR-61 1 1)  and  a  25- v  rectifier  power  supply  adjustable 
for  any  desired  output  within  14  to  25  volts.  Critical  damping  was  pro¬ 
vided  by  a  1,250-ohm  resistor  in  series  with  the  galvanometer  coil  of 
the  recorder.  To  ensure  synclnonous  operation  of  the  wind  speed  and 
wind  direction  instruments,  both  recorders  were  activated  by  a  master 
switch  located  in  the  instrument  truck  at  the  northern  end  of  the  field 
site.  An  additional  marking  pen  was  used  in  the  base-line  recorder  to 
provide  information  on  the  rate  of  release  of  the  tracer.  Wiring  dia¬ 
grams  for  this  instrumentation  are  presented  in  Figures  6.4  and  6.5. 

During  the  first  34  diffusion  experiments,  airfoil-type  vanes  were 
used  to  measure  fluctuations  in  azimuth  wind  direction.  These  were 
constructed  of  balsa  wood  ribs  covered  with  model  airplane  fabric.  Due 
to  repeated  exposure  to  strong  winds  and  light  rain  showers,  the  air¬ 
foils  became  asymmetrical;  this  deformation  introduced  an  uncertainty 
of  3  to  6  degrees  depending  upon  the  wind  speed,  in  the  indicated  mean 
wind  direction.  After  Experiment  No.  34  these  airfoils  were  replaced 
with  flat  metal  plates  (see  Figure  6.2).  At  the  conclusion  of  the  Prairie 
Grass  field  experiments,  reduction  of  the  data  revealed  the  response 
of  the  potentiometers  in  the  azimuth  vanes  was  not  linear  over  the 
200-dcgree  range;  this  occurred  as  a  result  of  shunting  effects  in  the 
galvanometer  coils.  Calibration  curves  for  each  vane  assembly  were 
subsequently  determined  in  laboratory  tests  and  these  were  used  in 
evaluating  the  data  abstracted  from  the  chart  rolls. 

6.3  Data  Abstraction  and  Analysis 

The  slow- response  meteorological  instrumentation  was  operated 
for  20-minute  sampling  periods  centered  on  the  midpoint  of  the  10- 
minute  gas  release.  Values  of  mean  wind  speed,  mean  wind  direction, 
and  standard  deviations  of  wind  direction  have  been  calculated  both  for 
the  20-minutc  sampling  periods  and  for  the  10-minute  periods  identified 
with  the  release  of  the  tracer.  The  10- minute  observations  at  450  m 
have  been  adjusted  to  cor  respond  as  closely  as  possible  to  the  time  that 
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the  tracer  was  actually  present;  this  was  accomplished  by  delaying  the 
start  of  the  10-minute  period  by  450/V  sec,  where  V* is  the  mean  wind 
speed  at  the  base  line  in  m  sec”1.  When  V  was  less  than  1.5  m  sec”1, 
the  last  10  minutes  of  chart  record  at  450  m  were  utilized.  Mean  wind 
speed  values  were  determined  by  substituting  the  average  number  of 
pips  per  minute,  obtained  from  the  chart  records,  in  the  calibration 
equation  given  above.  Azimuth  wind-direction  data  were  abstracted 
from  the  charts  at  2.5-sec  intervals;  these  data  were  then  grouped  in 
2-degree  class  intervals  identified  with  the  angular  positions  of 
sampling  stations  in  the  first  four  arcs  of  the  sulfur- dioxide  sampling 
network.  The  results  comprise  frequency  distributions  of  azimuth  wind 
direction  for  both  10-  and  20-minute  sampling  periods. 

Mean  wind  speeds,  azimuth  wind  directions,  and  standard  deviations 
of  azimuth  wind  direction  for  both  10-  and  20-minute  sampling  periods 
are  summarized  in  Table  6.1.  Frequency  distributions  of  azimuth  wind 
direction  for  both  10-  and  20-minute  periods  are  presented  in  Table  0.2. 
It  is  felt  that  the  wind  speed  data  are  accurate  to  within  2  to  5  percent 
for  mean  wind  speeds  greater  than  2.0  m  sec”1;  for  lower  mean  wind 
speeds,  particularly  during  nighttime  experiments  in  the  presence  of 
stable  thermal  stratification,  the  uncertainty  is  greatly  increased  (the 
starting  speed  of  the  anemometers  is  approximately  0.8  m  sec”1).  The 
relative  accuracy  of  the  mean  wind  directions  is  thought  to  be  of  the 
order  of  2  to  5  degrees;  the  absolute  values  obtained  for  wind  direction, 
as  noted  above,  may  be  in  error  by  10  degrees.  Standard  deviations  of 
azimuth  wind  direction  are  considered  accurate  within  10  percent,  ex¬ 
cept  in  the  case  of  mean  wind  speeds  below  2  m  sec  1  where  the  un¬ 
certainty  is  considerably  larger.  In  about  40  percent  of  the  cases,  the 
20-minute  standard  deviation  of  azimutli  wind  direction  is  slightly  lower 
than  the  10-minute  value;  these  small  differences  are  not  considered 
statistically  significant.  For  the  few  cases  in  which  the  20-minute 
standard  deviations  are  more  than  10  percent  lower  than  the  10- minute 
values,  inspection  of  the  original  chart  records  reveals  the  presence  of 
long-period  inhomogeneitics  in  the  turbulent  structure. 
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Table  6.1 


Summary  of  slow-response  meteorological  measurements  made  by  the 
Massachusetts  Insititute  of  Technology  during  the  Project  Prairie 

Grass  diffusion  experiments 

Tabular  entries  comprise  mean  wind  speeds  (m  sec"*),  mean  wind 
directions  (degree),  and  standard  deviations  of  azimuth  wind  direction 
(degree);  data  are  based  on  measurements  made  at  height  of  2  m  along 
base  line  of  sulfur -dioxide  sampling  network  and  at  travel  distance  of 
450  m  from  the  release -point  for  the  tracer.  Results  are  presented  for 
10-  and  20-minute  sampling  periods.  With  respect  to  the  measurements 
made  along  the  base  line,  the  duration  of  the  10-minute  period  coincides 
with  that  of  the  gas  release.  At  450  m,  the  start  of  the  10-minute  period 
was  delayed  by  450/ V  sec,  as  explained  in  the  text.  Entries  marked  with 
asterisks  are  estimates  based  on  incomplete  records;  these  are  explained 
below.  Blank  spaces  signify  missing  data.  It  appears  that  the  mean 
wind  directions  obtained  from  the  450-m  vane  are  about  8  degrees  too 
large;  more  reasonable  values  may  be  secured  by  subtracting  this  amount 
from  each  of  the  tabular  entries. 


Explanation  of  incomplete  or  missing  data 


Experiment  No.  Explanation 

1  No  wind  direction  data  and  no  wind  speed  data  for 

450  m.  First  5  min  of  record  at  base  line  miss¬ 
ing;  portions  of  remainder  of  record  on  slow 
speed. 

2  No  wind  direction  data  available. 

3  No  slow-rcsponse  data  -  light,  variable  winds. 

6  Base-line  chart  records  missing. 

25  Last  0  1/2  min  of  chart  record  missing  at  450  m, 

27  Last  2  1.  2  min  of  chart  record  missing  at  450  m. 

29  No  data  available  at  450  m. 

36  Last  4  min  of  record  missing  at  base  line. 

40  First  5  min  of  wind  speed  record  at  450  m  is  missing. 

48S  No  wind  direction  data  presented  -  off  scale, 

52  No  wind  direction  data  at  450  m  -  off  scale. 

58  First  3  12  min  oi  record  during  gas  release  miss¬ 

ing  from  base-line  chart. 

G3,  G4  No  slow-rcsponse  data  available  -  light,  variable  winds. 
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Table  8.1  (Cuntlnueti) 


Gas  release  No. 


Date 


Time 


wind  speed  (m/sec) 
Source  (10  min) 
450  m  (10  min) 
Source  (20  min) 
450  m  (20  min) 


Wind  direction  (deg / 
Source  (10  min) 
450  m  (10  min) 
Source  (20  mtn) 
450  m  (20  min) 


Standard  deviation  o f 
wind  direction  (deg) 
Source  (10  min) 

450  m  (10  min) 
Source  (20  min) 

450  m  (20  min) 


Gas  release  No. 


Date 


wind  speed  (m /sec) 
Source  (10  min) 
450  m  (10  mtn) 
Source  (i!0  min) 
450  m  (20  min) 


Wind  direction  (deg) 
Sourco  (10  min) 
450  m  (10  min) 
8ource  (20  min) 
450  m  (20  min) 


Standard  deviation  of 
wind  direction  (deg) 
Sourco  (10  min) 

450  m  (10  min) 
Source  (20  min) 

450  m  (20  min) 


Table  6. 1  (Continued) 


Tahle  6.2 


Frequency  distributions  of  azimuth  wind  direction  obtained  by  the 
Massachusetts  Institute  of  Technology  during  Project  Prairie  Grass 
diffusion  experiments 

Frequency  distributions  of  azimuth  wind  direction  are  based  on 
measurements  at  height  of  2  m  along  base  line  of  sampling  network  and 
at  travel  distance  of  450  meters.  Data  were  read  from  chart  records 
at  intervals  of  2.5  seconds;  entries  are  total  number  of  cases  occurring 
within  2-degree  class  intervals  expressed  in  terms  of  post  numbers 
for  horizontal  sampling  network.  For  example,  Post  No.  1  includes 
wind  directions  from  089  to  090  degrees;  Post  No.  46  includes  wind 
directions  from  179  to  180  degrees;  Post  No.  91  includes  wind  direc¬ 
tions  from  269  to  270  degrees.  Selection  of  10- minute  sampling 
periods  is  explained  in  the  text.  As  noted  in  the  text  and  in  the  ex¬ 
planatory  material  for  Table  6.1,  the  450-m  data  should  probably  be 
shifted  about  8  degrees  or  four  post  numbers  towards  lower  values. 
Explanation  of  incomplete  or  missing  data  is  presented  in  Table  6.1. 

Explanation  of  incomplete  or  missing  data 
Gas  Release  No. 

1,2,3 

6 

25 

27 

29 

36 

52 


No  wind  direction  data  are  available. 

No  wind  direction  data  for  the  source. 

No  frequency  distributions  at  450  m  -  short  record. 

Last  2-1/2  min  of  chart  record  at  450  m  is 
missing. 

No  frequency  distributions  at  450  m  -  short  record. 

20- min  frequency  distribution  at  source  is  based 
on  16  min  of  record  (last  4  min  missing). 

No  wind  direction  data  available  at  450  m  -  off 
scale. 
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Gas  Release  No. 


DATE  6  July  1956 


Table  6.2  (Continued) 
TIME  1355- 14  !•  CST 


RUM  NO.  5 


DATE  ^  July  1856 


Table  6.2  (Continued) 
TIME  0955-1015  CST 


Table  6.2  (Continued) 
TIME  1155-1215  CST 


RUN  NO.  10 


DATE  11  July  1956 


* 


DATE  22  July  1956 


Table  6. 2,  (Continued) 
TIME  1955-2015  CST 


RON  NO.  13 


m 

Table  6.2  (Continued) 

$0; 

DATE  22  July  1958 

TIME  2155-2215  CST 

RUN  NO.  14 

■  tt r\— .Vx^ri.rt  W-TW  fiMT n f_m .-.k  »  v  — 


DATE  25  July  1656 


Table  6.2  (Continued) 
TIME  2355-0015  CST 


RUN  NO.  22 


DATE  1  August  1956 


Table  6.2  (Continued) 
TIME  1255-1315  CST 


RUN  NO.  25 


DATE  2  August  105C 


Table  6.2  (Continued) 

TIME  W-j'j  u015  CST 


RUN  NO.  28 


DATE  a  August  1956 


Table  6. 2  (Continued) 
TIME  1255-1315  CST 


RUN  NO.  30 


DATE  11  August  1956 


Table  6. 9  (Continued) 
TIME  2325-2346  CST 


RUN  NO.  36 


JT^l  ' «  7W  «  *F  .V 


*  **  -*«**,.*  w*a  ,-. 


wrrry. 


rH  «  «  un  <o 


.W  -  ,.L 


DATE  26  August  1966 


Table  6.2  (Continued) 
TIME  1355-1416  CST 


RUN  NO.  62 


Mi 


DATE  29  August  1956 


Table  6.2  (Continued) 
TIME  2125*2145  CST 


RUN  NO.  66 


DATE  30  August  1956 


Table  6.2  (Continued) 
TIME  0025-0245  CST 


RUN  NO.  68 
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No.  12.  Proceedings  of  the  Conference  on  Ionospheric  Phvsics  (July  1950)  Part  I),  edited  by  Ludwig 
Katz  and  N.  C.  Gerson,  Geophysics  Research  Directorate,  April  1952. 

No.  13.  Proceedings  of  the  Colloquium  on  Microwave  Meteorology,  Aerosols  and  Cloud  Physics,  edited 
by  Ralph  J.  Donaldson,  Jr.,  Geophysics  Research  Directorate,  May  1952. 

No.  1  J.  Atmospheric  f  low  Patterns  and  Their  Representation  bv Spherical-Surface  Harmonics,  D.  Ilaur- 
witz  an .1  Richard  A.  C.ruig,  Geophysics  Research  Directorate,  July  1952. 

No.  15.  I  hick -Sc  altering  of  h  l^ctromagnctic  Waves  From  Spheres  and  Spherical  Shells,  A.  L.  Aden, 
Geophysics  Research  Directorate,  Jalv  1952. 

No.  Hi.  Notrs  on  the  Theory  of  Large-Scale  Disturbances  in  Atmospheric  Flow  With  Applications  to 
Numerical  Weather  Prediction,  Philip  Duncan  I  hompson,  Major,  1  .  S.  Air  Horce,  Geophysics 
Research  Directorate,  July  195'.’. 


GEOPHYSICAL  RESEARCH  PAPERS  (Continued) 


No.  17.  The  Observed  Mean  Field  of  Motion  of  the  Atmosphere,  Yale  Mint*  and  Gordon  Dean,  Geophysics 
Research  Directorate,  August  1952. 

No.  18.  The  Distribution  of  Radiations)  Temperature  Change  iu  the  Northern  Hemisphere  During  March, 
Julius  London,  Geophysics  Research  Directorate,  December  1952* 

No.  19.  International  Symposium  on  Atmospheric  Turbulence  in  the  Boundary  Layer,  Massachusetts  lnsti* 
tute  of  Technology,  4*8  June  1951,  edited  by  E.  W.  Hewson,  Geophysics  Research  Directorate, 
December  1952. 

No.  20.  On  the  Phenomenon  of  the  Colored  Sun,  Especially  the  “Blue”  Sun  of  September  1950,  Rudolf 
Penndorf,  Geophysics  Research  Directorate,  April  1953. 

No.  21.  Absorption  Coefficients  of  Several  Atmospheric  Gases,  K.  Watanabe,  Murray  Zelikoff  and  Edward 
C.  Y.  Inn,  Geophysics  Research  Directorate,  June  1953. 

No.  22.  Asymptotic  Approximation  for  the  Elastic  Normal  Modes  in  a  Stratified  Solid  Medium,  Norman  A. 
Haskell,  Geophysics  Research  Directorate,  August  1953. 

No.  23.  Forecasting  Relationships  Between  Upper  Level  Flow  and  Surface  Meteorological  Processes, 
J.  J.  George,  R.  0.  Roche,  H.  B.  Viascher,  R.  J.  Shafer,  P.  W.  Funke,  W.  R.  Diggers  and  R.  M. 
Whiting,  Geophysics  Research  Directorate,  August  1953. 

No.  24.  Contributions  to  the  Study  of  Planetary  Atmospheric  Circulations,  edited  by  Robert  M.  White, 
Geophysics  Research  Directorate,  November  1953. 

No.  25.  The  Vertical  Distribution  of  Mie  Particles  in  the  Troposphere,  R.  Penndorf,  Geophysics  Re¬ 
search  Directorate,  March  1954. 

No.  26.  Study  of  Atmospheric  Ions  in  a  Nonequilibrium  System,  C.  G.  Storgis,  Geophysics  Research 
Directorate,  April  1954. 

No.  27.  Investigation  of  Microbaroroetric  Oscillations  in  Eastern  Massachusetts,  E.  A.  Flauraud,  A.  H. 
Mears,  F.  A.  Crowley,  Jr.,  and  A.  P.  Crary,  Geophysics  Research  Directorate,  May  1954. 

No.  28.  The  Rotation-Vibration  Spectra  of  Ammonia  in  the  6-  aod  10-Micron  Regions,  R.  G.  Breene,  Jr., 
Capt.,  USAF,  Geophysics  Research  Directorate,  June  1954. 

No.  29.  Seasonal  Trends  of  Temperature,  Density,  and  Pressure  in  the  Stratosphere  Obtained  With  the 
Searchlight  Probing  Technique,  Louis  Elterman,  July  1954. 

No.  30.  Proceedings  of  the  Conference  on  Auroral  Physics,  edited  by  N.  C.  Gerson,  Geophysics  Re¬ 
search  Directorate,  July  1954. 

No.  31.  Fog  Modification  by  Cold-Water  Seeding,  Vernon  G.  Plank,  Geophysics  Research  Directorate, 
August  1954. 
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No.  32.  Adsorption  Studies  of  Heterogeneous  Phase  Transitions,  S,  J.  Uirstein,  Geophysics  Research 
Directorate,  December  1954. 

No.  33.  The  Latitudinal  and  Seasonal  Variations  of  the  Absorption  of  Solar  Radiation  by  Osone, 
J.  Pressman,  Geophysics  Research  Directorate,  December  195-'. 

No.  34.  Synoptic  Analysis  of  Convection  in  a  Rotating  Cylinder,  D.  Fulti  and  J.  Corn,  Geophysics 
Research  Directorate,  January  1955. 

No.  35.  Balance  Requirements  of  the  Ceneral  Circulation,  V.  P.  Starr  and  R.  M.  White,  Geophysics 
Research  Directorate,  December  1954. 

No.  36.  The  Mean  Molecular  Weight  of  the  Upper  Atmosphere,  Warren  E.  Thompson,  Geophysics  Re¬ 
search  Directorate,  May  1955. 

No.  37.  Proceedings  on  the  Conference  on  fnterfacial  Phenomena  and  Nucleation. 

I.  Conference  on  Nucleation. 

II.  Conference  on  Nucleation  and  Surface  Tension. 

III.  Conference  on  Adsorption. 

Edited  by  H.  Reiss,  Geophysics  Research  Directorate,  July  1955. 

No.  38.  The  Stability  of  a  Simple  Daroclinic  Flow  With  lioruontal  Shear,  Leon  S.  Pocinki,  Geophysics 
Research  Directorate,  July  1955. 

No.  39.  The  Chemistry  and  Vertical  Distribution  of  the  Ovides  of  Nitrogen  in  the  Atmosphere,  L. 
Miller,  Geophysics  Research  Directorate,  April  1955. 

No.  40.  Near  Infrared  Transmission  Through  Synthetic  Atmospheres,  j.  N.  Howard,  Geophysics  Res- 
search  Directorate,  November  1955 

No.  41.  The  Shift  and  Shape  of  Spectral  les,  R.  G.  Breene,  Geophysics  Research  Directorate, 
October  1955. 

No.  42.  Proceedings  on  the  Conference  on  Atmospheric  Electricity,  R.  Ilolzer,  W.  Smith,  Geophysics 
Research  Directorate,  December  1955. 

No.  43.  Methods  and  Results  of  Upper  Atmospheric  Research,  J.  Kaplan,  G.  Schilling,  11.  Kallman, 
Geophysics  Research  Directorate,  November  1955. 

No.  44.  Luminous  and  Spectral  Reflectance  as  Well  as  Colors  of  Natural  Objects,  H.  Penndorf,  Geo¬ 
physics  Research  Directorate,  February  1950. 

No.  45.  New  Tables  of  Mie  Scattering  functions  for  Spherical  Particles,  R.  Penndorf,  li.  Goldberg, 
Geophysics  Research  Directorate,  March  1950. 

No.  46.  Results  of  Numerical  forecasting  With  the  Harotropic  and  Thermotropic  Models,  W.  Gates, 
L.  S.  Pocinki,  (..  [•,  Jenkins,  Geophysics  Research  Directorate,  April  1956. 
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No.  47.  A  Meteorological  Analysis  of  Clear  Air  Turbulence  (A  Report  on  the  U.  S.  Synoptic  High* 
Altitude  Gust  Program),  H.  Lake,  Geophysics  Research  Directorate,  February  1956. 

No.  48.  A  Review  of  Charge  Transfer  Processes  in  Gases,  S.  N.  Ghosh,  W.  F.  Sheridan,  J.  A.  Dillon, 
Jr.,  and  H.  D.  Edwards,  Geophysics  Research  Directorate,  July  1955. 

No.  49.  Theory  of  Motion  of  a  Thin  Metallic  Cylinder  Carrying  a  High  Current,  C.  W.  Dubs,  Geo¬ 
physics  Research  Directorate,  October  1955. 

No.  50.  Hurricane  Edna,  1954;  Analysis  of  Radar,  Aircraft,  and  Synoptic  Data,  E.  Kessler,  III  and 
D.  Atlas,  Geophysics  Research  Directorate,  July  1956. 

No.  51.  Cloud  Refractive  Index  Studies,  R.  M.  Cunningham,  V.  G.  Plank,  and  C.  F.  Campen,  Jr. 
Geophysics  Research  Directorate,  October  1956. 

No.  52.  A  Meteorological  Study  of  Radar  Angels,  V.  G.  Plank,  Geophysics  Research  Directorate, 
August  1956. 

No.  53.  The  Construction  a.’d  l  se  of  Forecast  Rejisters,  I.  Gringorten,  I.  Lund,  M.  Miller,  Geo¬ 
physics  Research  Directorate,  June,  1956. 

No.  5t.  Solar  Geomagnetic  Ionospheric  Parameters  as  Indices  of  Solar  Activity,  F.  Ward  Jr.,  Geo¬ 
physics  Research  Directorate,  November,  1956. 

No.  55.  Preparation  of  Mutually  Consistent  Magnetic  Charts,  Paul  Fougere,  J.  McClay,  Geophyaics 
Research  Directorate,  June  1957. 

No.  56.  Radar  Synoptic  Analysis  of  an  Intense  Winter  Storm,  Edwin  Kessler  Ill,  Geophysics  Research 
Directorate,  October  1957. 

No.  57.  Mean  Monthly  300-  and  200-mb  Contours  and  500-,  300-,  and  200-mb  Teinperntures  for  the 
Northern  Hemisphere,  E.  W.  Wahl,  Geophysics  Research  Directorate,  April  1958. 

No.  38.  Vol.  I.  Theory  of  l^irge-Scale  Atmospheric  Diffusion  and  its  Application  to  Air  Trajectories. 
Vul.  II.  The  Downstream  Probability  Density  Function  for  Various  Constant  Values  of 
Mean  Zonal  Wind 

Vol.  III. The  Downstream  Probability  Density  Fucntion  for  North  America  and  Eurasia 
by  S.  H.  Solot  and  K.  M.  Darling,  Jr.,  Geophysics  Research  Directorate,  June  1958. 
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